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1 [bookmark: _Hlk505938201]Introduction
At RAN#83 meeting, new Work Item on physical layer enhancements for URLLC was approved [1]. The scope for URLLC includes the following objectives:
· [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 RAN1 #96 meeting, the following agreements towards out-of-order scheduling and HARQ were made [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.
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 scheduled 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: 
· [bookmark: _Hlk4750362]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.
[bookmark: _Hlk4509430]In this contribution, we will further discuss the candidate solutions for out-of-order scheduling and HARQ as well as resource conflicts for overlapping PUSCHs/PDSCHs.
2 Discussion on enhancements on scheduling and HARQ
Out-of-order HARQ
It has been agreed 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. A total of four solutions were discussed in last RAN1 meetings as listed in the introduction. The key point is whether the UE should drop the processing of the first PDSCH and under what condition should the UE process both the first and second PDSCH. Generally, the following two scenarios of out-of-order HARQ would happen:
Scenario 1: there is not enough time of processing both PDSCHs
As shown in figure 1(a), gNB delivers a DL grant in the first slot to indicate eMBB UE to receive PDSCH in the second slot and report ACK/NACK in the fourth slot. Then URLLC data arrives, gNB send another DL grant in the third slot to schedule URLLC PDSCH at symbol #0~3 in the third slot and feedback ACK/NACK to gNB in the fourth slot. In this case, there would be not enough time for processing of the two PDSCHs unless UE is capable with the ability of parallel processing, i.e. CA capability.
Scenario 2: there is enough time of processing both PDSCHs
[bookmark: _Hlk4749972]The difference between figure 1(a) and 1(b) is the position of eMBB HARQ-ACK. In this condition, eMBB UE is scheduled to feedback its HARQ-ACK in the fifth slot which allows enough time for demodulation of the first PDSCH even if UE does not have the capability of parallel processing.


(a) [bookmark: _Hlk4506086]Scenario 1: there is not enough time of processing both PDSCHs


(b) Scenario 2: there is enough time of processing both PDSCHs
Figure 1: out-of-order HARQ
From the discussions above, it is observed that the scheduling conditions could create a significant influence on UE behaviours. So it may be not so reasonable to simply process both of the two PDSCHs or drop the processing of the first channel due to UE implementation (Solution 1) or UE capability (Solution 2 & 3) without considering the scheduling conditions. If solution 1 is applied, the UE behaviour could not be controlled by gNB and thus unneeded retransmissions would be increased if UE simply drop the processing of the first PDSCH. If only solution 2 or solution 3 is used and UE does not have the capability of parallel processing, the processing of first PDSCHs would be always dropped even there is enough time for processing both PDSCHs as shown in Figure. 1(b). Therefore, alternative 2 in solution 4 is preferred with the following modifications:
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 UE does not have the capability mentioned above, UE drops (terminates) the processing of the first scheduled PDSCH if some scheduling conditions are not satisfied. How to define the scheduling conditions needs to be further studied.
Proposal 1: 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 UE does not have the capability mentioned above, UE drops (terminates) the processing of the first scheduled PDSCH if some scheduling conditions are not satisfied. How to define the scheduling conditions needs to be further studied.
Out-of-order PUSCH scheduling
1. 
2. 
2.1. 
2.2. 
2.2.1. Non-overlapping PUSCHs in time domain
[bookmark: _Hlk4508260][bookmark: _Hlk4508321]As for out-of-order PUSCH scheduling in non-overlapping time resources, the solution would be similar with out-or-order HARQ and the key point is whether the UE should drop the processing of the first PUSCH and under what condition should the UE process both the first and second PUSCH. Similarly, alternative 2 in solution 4 is preferred with the following modifications:
[bookmark: _Hlk4761812]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 UE does not have the capability mentioned above, UE drops (terminates) the processing of the first scheduled PUSCH if some scheduling conditions are not satisfied. How to define the scheduling conditions needs to be further studied.
Proposal 2: 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 UE does not have the capability mentioned above, UE drops (terminates) the processing of the first scheduled PUSCH if some scheduling conditions are not satisfied. How to define the scheduling conditions needs to be further studied.
2.2.2. Overlapping PUSCHs in time domain
As for out-of-order PUSCH scheduling in overlapping time resources, the issue can be divided into two steps: the first step is whether the UE should drop the processing of the first PUSCH and under what condition should the UE process both the first and second PUSCH. The second step is whether the UE should resume transmission of the first PUSCH on non-overlapping resources if UE is able to process both the two PUSCHs.
It is similar with non-overlapping PUSCHs for the first step. And it is reasonable that UE drop the transmission of the first PUSCH on overlapping resources. However, if UE is able to process both of the two PUSCHs, we think that the UE should resume transmission of the first PUSCH on non-overlapping resources as much as possible. This is because there exists some possibility for gNB to decode the first PUSCH successfully depending on the non-overlapped resources. Resuming transmission of the first PUSCH would significantly increase the resource utilization ratio.
Proposal 3: UE transmit the first scheduled PUSCH on non-overlapping resources as much as possible if UE is able to process both of the two PUSCHs.
Resource conflicts for overlapping PDSCHs in time domain
This scenario considers a case where a UE has sequentially received two DL assignments with overlapping radio resources in time. This scenario is similar with out-of-order HARQ and it is preferred that the UE drops (terminates) the processing of the first PDSCH if the defined scheduling conditions are not satisfied.
In addition, according to the generation rule of the current HARQ codebook, only one ACK/NACK would be fed back for overlapped PDSCHs, which seems not so reasonable since if only very few symbols are overlapped, the UE may decode both the two PDSCHs successfully. We think this can be achieved by two HARQ-ACK codebooks which is agreed in last RAN1 meeting.
3 Conclusion
In this contribution, we further discussed the candidate solutions for out-of-order scheduling and HARQ as well as resource conflicts for overlapping PUSCHs/PDSCHs. and the following proposals are made:
Proposal 1: 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 UE does not have the capability mentioned above, UE drops (terminates) the processing of the first scheduled PDSCH if some scheduling conditions are not satisfied. How to define the scheduling conditions needs to be further studied.
Proposal 2: 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 UE does not have the capability mentioned above, UE drops (terminates) the processing of the first scheduled PUSCH if some scheduling conditions are not satisfied. How to define the scheduling conditions needs to be further studied.
Proposal 3: UE transmit the first scheduled PUSCH on non-overlapping resources as much as possible if UE is able to process both of the two PUSCHs.
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