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1. Introduction
[bookmark: _GoBack]In the new WID [1], the objectives regarding enhancements to scheduling/HARQ of the work item are listed as below,
· [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 
In the last meeting, the following agreements regarding out-of-order HARQ and PUSCH scheduling were reached [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.
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 compare the pros and cons of these solutions and give our preference.
2. Discussion 
In Rel-15 NR, in order to facilitate UE pipeline processing, out-of-order scheduling/HARQ is not supported. However, a URLLC PDSCH may be configured with a faster HARQ response compared with a preceding eMBB PDSCH. To ensure the latency of URLLC traffic, out-of-order HARQ-ACK has been studied in the SI phase and was supported by a majority of companies. In the last meeting, 4 solutions were proposed for the out-of-order HARQ-ACK.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The four solutions can be classified into two groups. Solution 1 and 4 prioritize the second PDSCH while solution 2 and 3 provide a method of UE processing both the first and second PDSCHs. For the second group, the difference between solution 2 and 3 is that for solution 2 simultaneous processing is considered as a UE capability with no conditions while for solution 3 it is considered as a UE capability under certain conditions. Supporting simultaneous processing will increase the cost of UE, parallel processing is required. In addition, the resource should always be reserved for processing the URLLC traffic resulting in a resource waste especially for the scenarios where the URLLC traffic is sparse. 
Solution 1 is very straightforward and requires minimum specification work. However, compared with solution 1, solution 4 is more reasonable from implementation’s perspective. When UE receives the second PDSCH while processing the first one, stopping/dropping the processing requires some additional time. gNB should take this time compensation into consideration when scheduling the second PDSCH. Furthermore, this time compensation should be SCS dependent.
For solution 4, there are two alternatives regarding whether the UE drops the first PDSCH. Although Alt1 is simple and straightforward, it may lead to eMBB performance degradation under some conditions where UE is capable of processing both PDSCHs within the time requirements. Alt2 seems be more reasonable compared with Alt1 although extra specification work is necessary for Alt2. 
For solution 4, there is another issue regarding whether to drop the processing of a PDSCH(s) on a different serving cell. From our understanding, this issue should be up to UE’s implementation. If a UE can parallel process the PDSCHs on different serving cell, when the timeline cannot be satisfied, the UE can feed back a NACK for the PDSCH, however, the UE can continue process the decoding of the PDSCH. In addition, it is concluded that at least two HARQ-ACK codebooks can be simultaneously constructed for a Rel-16 UE, intended for supporting different service types for a UE [3]. This issue can be avoided when two HARQ-ACK codebooks can be simultaneously constructed for different service types. 
Based on the above analysis, we have the following proposal,
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 1: Solution 4 should be supported for out-of-order HARQ-ACK. 
· Alt2 should be supported for determining whether the UE drops the first PDSCH.
· d should be SCS dependent and the value of d should be FFS.
· Dropping the processing of the first PDSCH on a different serving cell should be up to UE’s implementation.
Regarding 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 do not think it is reasonable to support such a case, the out-of-order operation should be limited to channels with different timing capabilities. Channels with the same timing capability should have similar or equal priority.
Proposal 2: Out-of-order operation is NOT allowed across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.
Similarly, for supporting the out-of-order PUSCH scheduling, we have the following proposal,
Proposal 3: Solution 4 should be supported for out-of-order PUSCH scheduling. 
· Alt2 should be supported for determining whether the UE drops the first PUSCH.
· d should be SCS dependent and the value of d should be FFS.
· Dropping the processing of the first scheduled PUSCH on a different serving cell should be up to UE’s implementation.
Proposal 4: Out-of-order operation is NOT allowed across PUSCHs with PDCCH-to-PUSCH gap compatible with PUSCH processing time (N2) for capability X.
3. Conclusion
In this contribution, we present our views on the different solutions of out-of-order HARQ-ACK and PUSCH scheduling, based on the above discussion, we have the following proposals:
Proposal 1: Solution 4 should be supported for out-of-order HARQ-ACK. 
· Alt 2 should be supported for determining whether the UE drops the first PDSCH.
· d should be SCS dependent and the value of d should be FFS.
· Dropping the processing of the first PDSCH on a different serving cell should be up to UE’s implementation.
Proposal 2: Out-of-order operation is NOT allowed across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.
Proposal 3: Solution 4 should be supported for out-of-order PUSCH scheduling. 
· Alt 2 should be supported for determining whether the UE drops the first PUSCH.
· d should be SCS dependent and the value of d should be FFS.
· Dropping the processing of the first scheduled PUSCH on a different serving cell should be up to UE’s implementation.
Proposal 4: Out-of-order operation is NOT allowed across PUSCHs with PDCCH-to-PUSCH gap compatible with PUSCH processing time (N2) for capability X.
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