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Introduction
In RAN#83 meeting, Rel-16 NR eURLLC work item [1] approved that includes following detailed objectives for 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. 
Discussions on whether to support out-of-order HARQ and PUSCH scheduling have been discussed in the previous meetings, and relating agreements were reached as below [2]:
	RAN1#96
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. 




In this contribution, we show our views on the details for out-of-order HARQ-ACK and out-of-order PUSCH scheduling, respectively.
[bookmark: OLE_LINK1]Discussions
At the RAN1#96 meeting, support of out-of-order HARQ and PUSCH scheduling has been agreed and a couple of solutions to support them have also been identified. 
Out-of-order HARQ
Out-of-order HARQ
Regarding the support of the out-of-order HARQ, two cases have been determined through email discussion i.e. (1) first PDSCH and second PDSCH are corresponding to the same processing capability; (2) first PDSCH and second PDSCH are corresponding to the different processing capabilities. Case (1) can maintain the pipelining process, in which UE can process the first and second PDSCHs within their corresponding processing procedure time, respectively. Case 2 can affect pipelining process and UE may need to drop the first PDSCH to guarantee the processing of the second PDSCH within its corresponding processing procedure time. Hence, the critical discussion is whether to support the case (2) and if case (2) is support, how to handle the first PDSCH in the premise of assuring the processing of the second PDSCH. 
In Rel.15, mix of processing capabilities may happen for a UE reporting its capability of pdsch-ProcessingType2-Limited in a given serving cell. For the UE processing capability #2 with scheduling limitation for 30 kHz, capability #1 for a PDSCH is applied to the UE in case the scheduled RBs of the PDSCH exceeds the 136 RBs, as a kind of fallback operation. Another PDSCH of which the scheduled RBs does not exceed the 136 RBs will follow the processing capability #2. 
Other than the scheduling limitation for 30kHz, in Rel.15, whether additional DMRS is configured for a given serving cell or not would restrict PDSCH processing capability applied in the serving cell. As known, if additional DMRS is configured for a serving cell, PDSCH processing capability #2 will not be applied to the serving cell. That is, processing capability #2 can only be applied to the serving cell for which additional DMRS is not configured. Due to the restriction of the additional DMRS configuration, only one processing capability can be applied to a given serving cell and mix of processing capabilities will not occurr. For a Rel.16 eURLLC UE, there is a possible deployment that the UE will support both eMBB and URLLC services on a serving cell. In this case, it is beneficial that additional DMRS can be configured especially for eMBB data transmission with long duration. The additional DMRS can facilitate the UE to make more accurate channel estimation and thereby improve the detection performances for the eMBB data with long duration. In the meanwhile, a UE expects to use the processing capability #2 to decode the URLLC data with front-loaded DMRS and can quickly transmit the feedback of URLLC data.
Observation 1:
· Due to the restriction of the additional DMRS configuration, only one processing capability is applied to a serving cell for a UE in Rel.15.
Observation 2:
· Applying different capability to a serving cell is beneficial for a Rel.16 eURLLC UE to achieve better performances of both first and second PDSCHs.
Proposal 1:
· For out-of-order HARQ, both same and different processing capabilities can be applied to a serving cell for an eURLLC UE.

Support of out-of-order HARQ lies in how to handle the case that first PDSCH and second PDSCH are corresponding to different processing capabilities. The next discussion point we should have is how to handle the case that mix of processing capabilities for a serving cell. For supporting the out-of-order HARQ associated with PDSCHs with different HARQ process IDs, a preferred solution should, if possible, maximally strive the performance of first PDSCH in the premise of assuring the processing of the second PDSCH. 
Firstly, solution 4 with alt1 should be precluded given it always mandates the UE to drop the first PDSCH, which results in the worst performance of the first PDSCH out of the solutions. For solution 1, the processing of the first PDSCH is up to UE implementation. However, even in a case that UE sent a NACK as a corresponding feedback to the first PDSCH, gNB is still not aware of UE-specific behavior regarding whether UE has processed or dropped the first PDSCH. This causes the system unstability and the degradation of the spectral efficiency.
Solutions 2, 3 and 4 with alt 2 specify the handling of the first PDSCH. Solution 2 define UE can process both first and second PDSCHs as a UE capability with no condition. It mandates all the eURLLC UE to be equipped with the capability. It is too strict for all the eURLLC UEs.
Solution 3 requires a UE to use a CA capability to process both the first and second PDSCHs. For a serving cell in which out-of-order HARQ happen, UE borrows other process block from other serving cell to process out-of-order HARQ case. It requires the coordination across the configured serving cells. Furthermore, for example, for a UE configured with two serving cells, if there are the on-going eMBB scheduling on the both serving cells and if out-of-order HARQ happens due to a later URLLC data in a serving cell, how should UE handle the out-of-order HARQ. In this case, there is no shared process block from other serving cell to be applied to process the second PDSCH. Additionally, for solution 3, UE behaviour is not defined if conditions are not satisfied. In this case, gNB is not aware that whether UE had processed the first PDSCH or UE dropped the first PDSCH.
[bookmark: _GoBack]Solution 4 with Alt2 has clearly denoted the UE behaviour regarding whether UE processes or drops the first PDSCH. If scheduling conditions are satisfied, UE processes the first PDSCH. Otherwise, the UE drop the first PDSCH. A main concern for the Solution 4 with Alt 2 is that it would cost many times/efforts to identify a specific scheduling conditions, given there are many candidates of scheduling conditions are listed for the solution 4 with alt 2. However, as mentioned above, for UE processing capability #2 with scheduling limitation for 30kHz in Rel.15, if time interval between two PDSCH respectively with capability 1 and capability 2 is within 10 symbols, UE may skip decoding the previous PDSCHs. Here 10 symbols are the PDSCH decoding time N1 of PDSCH processing capability 1 for SCS=30kHz. The situation is similar to the case of out-of-order HARQ operation. Therefore, the Rel.15 mechanism can be reused to define the scheduling condition for the solution 4 with alt2 without costing much standardization efforts. The scheduling condition can be defined as whether a time interval between the first PDSCH and second PDSCH exceed a value, for example, a processing time for the first PDSCH as like the Rel.15 mechanism. The specific value can be further discussed. In out-of-order HARQ operation, if the time interval between the first PDSCH and second PDSCH is within the value, UE drops the first PDSCH. Otherwise, UE can also process the first PDSCH. Meanwhile, in Rel-15, when determining the PDSCH processing time, assumptions and candidates factors as like max TBS for 4-layer MIMO, 256 QAM, 14 symbol slot-based scheduling have already taken into account. It seems not to be necessary to further discuss them as a candidate of scheduling conditions.
Observation 3:
· PDSCH processing time has already taken the RBs, TBS, layers, PDSCH symbols, and MCS into account in Rel-15. It is not necessary to further discuss them as some potential candidate of scheduling conditions.
Base on above discussion, solution 4 with Alt2 is a preferred solution for out-of-order HARQ.
Proposal 2:
· [bookmark: _Hlk7611344]For out-of-order HARQ, solution 4 with Alt2 is preferred. 
· The scheduling conditions should be defined in case of the first and second PDSCHs with different PDSCH processing capabilities.
· The scheduling conditions can be defined as whether time interval between the first PDSCH and second PDSCH exceed a processing time of first PDSCH. The specific value is FFS.
Out-of-order PUSCH scheduling
Out-of-order PUSCH scheduling
For out-of-order PUSCH scheduling, two scheduled PUSCHs can be overlapping or non-overlapping in the time domain. If two scheduled PUSCHs are overlapping in the time domain, UE has to ensure the transmission of the second PUSCH scheduled by a later UL grant. UE drops the processing and transmission of the first PUSCH scheduled by an earlier UL grant as agreed in the last meeting. 
For the case two PUSCHs are not overlapping in the time domain, similar discussion and solution for out-of-order HARQ can be considered for out-of-order PUSCH scheduling. One key discussion is whether to always drop the first PUSCH or conditionally drop the first PUSCH. The Rel-15 specification has defined a PUSCH preparation behavior that if the time offset between the UL grant and the scheduled PUSCH is equal to or larger than the PUSCH preparation procedure time, UE will perform the PUSCH processing/transmission. The PUSCH preparation procedure time defined in Rel-15 can be only several symbols, e.g. the timing capability 2. On the other hand, slot offset K2 in Rel-15 between the UL grant and corresponding PUSCH can be configured from 0 and up to 32. Taking into account the configurability of the smaller PUSCH preparation time and larger slot offset value, always dropping the first scheduled PUSCH is not a sensible way to the UE. When out-of-order PUSCH scheduling occurs, a UE can perform the processing of the second scheduled PUSCH. After completion of processing of the second scheduled PUSCH, the UE can perform first scheduled PUSCH processing if there is enough time for the first scheduled PUSCH. For an extreme case, the first scheduled PUSCH preparation can be discarded when a DCI for the second scheduled PUSCH is detected. After the transmission of the second scheduled PUSCH, the UE can start the first scheduled PUSCH preparation again even from the beginning. If the time is enough for UE to start the first scheduled PUSCH preparation again, UE can also transmit the first scheduled PUSCH without dropping. Therefore, if the time for the first scheduled PUSCH is large enough to accommodate the preparation time of the second scheduled PUSCH and then the first scheduled PUSCH, the UE can complete the processing/transmission of second scheduled PUSCH and also be capable of transmitting the first scheduled PUSCH. A key point whether or not a UE drops the first scheduled PUSCH lies in whether or not the UE can have sufficient time to continue to prepare and transmit the first scheduled PUSCH after completion of processing of the second scheduled PUSCH. Therefore, the scheduling conditions used for determining whether to drop the processing of first PUSCH can be defined as whether the time interval between the first PDCCH and corresponding first PUSCH can accommodate the preparation time of both second PUSCH and first PUSCH.   
Observation 4:
· Enough time for the first scheduled PUSCH can enable the first scheduled PUSCH transmission even when the first scheduled PUSCH preparation is suspended due to the second scheduled PUSCH.
Taking above aspects into account, we would like to propose followings.
Proposal 3:
· For out-of-order PUSCH scheduling, in case two scheduled PUSCHs are not overlapping in time-domain, solution 4 with Alt2 is preferred. 
· The scheduling conditions can be defined as whether time interval between the first PDCCH and corresponding first PUSCH can accommodate the preparation time of both second PUSCH and first PUSCH. The specific value is FFS.

Conclusion
In this contribution, we have the following observations and proposals:
Observation 1:
· Due to the restriction of the additional DMRS configuration, only one processing capability is applied to a serving cell for a UE in Rel.15.
Observation 2:
· Applying different capability to a serving cell is beneficial for a Rel.16 eURLLC UE to achieve better performances of both first and second PDSCHs.
Proposal 1:
· For out-of-order HARQ, both same and different processing capabilities can be applied to a serving cell for an eURLLC UE.
Observation 3:
· PDSCH processing time has already taken the RBs, TBS, layers, PDSCH symbols, and MCS into account in Rel-15. It is not necessary to further discuss them as some potential candidate of scheduling conditions.
Proposal 2:
· For out-of-order HARQ, solution 4 with Alt2 is preferred. 
· The scheduling conditions should be defined in case of the first and second PDSCHs with different PDSCH processing capabilities.
· The scheduling conditions can be defined as whether time interval between the first PDSCH and second PDSCH exceed a processing time of first PDSCH. The specific value is FFS.
Observation 4:
· Enough time for the first scheduled PUSCH can enable the first scheduled PUSCH transmission even when the first scheduled PUSCH preparation is suspended due to the second scheduled PUSCH.
Proposal 3:
· For out-of-order PUSCH scheduling, in case two scheduled PUSCHs are not overlapping in time-domain, solution 4 with Alt2 is preferred. 
· The scheduling conditions can be defined as whether time interval between the first PDCCH and corresponding first PUSCH can accommodate the preparation time of both second PUSCH and first PUSCH. The specific value is FFS.
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