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1.
Introduction

According to agreements in RAN1#96 meeting [1], regarding the out-of-order PDSCH-to-HARQ between two HARQ processes, RAN1 reached the following candidate solutions. 
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.
In this contribution, among all 4 possible solutions, we provide our views on each one, and propose our preference to support Solution 4. We also provide a compound solution comprising Solution 3 and 4-2 for possible consensus. Finally, we raise some issues regarding UE behaviours which need to be clarified in Solution 4. 
2. Out-of-order scheduling analysis 
From our perspective, both Solution 4-1 and Solution 4-2 are our preferences, considering simplicity for UE with limited capability, and for UE capable of processing both the first and second PDSCHs while satisfying the scheduling conditions. In this section, we first compare each solution candidate and then provide our preference. In addition, a compound solution is proposed for possible compromising. 
2.1  Comparison of out-of-order scheduling solutions 
Followings are our views on the solutions currently under discussion.
· Solution 1: The UE always processes the second PDSCH. The UE may or may not drop the processing of the first channel.

It is assume that the support of out-of-order scheduling is left to UE implementation, i.e., the behaviour of UE for processing both channels is not predictable at the network side. If dropping of eMBB PDSCH is doomed to happen but agnostic to gNB, this would lead to unnecessary decode, to be worse, error decode HARQ-ACK, as well as missing the possibility of early preparation for eMBB PDSCH’s re-transmission, which is beneficial for HARQ buffer management. 

· Solution 2: The UE processes both the first and second PDSCHs as a UE capability with no condition

In this case, even if a UE reports to gNB with the capacity to support both PDSCHs for out-of-order HARQ-ACK, existing scheduling conditions listed in Rel. 15 should also be specified in accordance with processing time restrictions. That is, even for in-order scheduling, scheduling condition cannot be violated, including the UE with single or mixed capability, let alone out-of-order scheduling.   
Unless UE has the capability of parallel processing, which will increase the cost of UE and restrict applicable UE types, it is unlikely that all the UEs could be able to process both PDSCHs in out-of-order without any 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. 

This solution restricts the applicability of out-of-order scheduling by relying on UE capability of CA. Moreover, it has the drawback of uncertainty on the UE behaviour if the practical condition doesn’t match the reported capability. gNB therefore need to carefully assess and make a suitable decision on shared resource management among carriers as per UE’s reported capability, in order to ensure both traffic can be properly decoded as expected. Uncertain UE behaviour, as a result of error cases caused by condition mismatch between gNB and UE, will at worse lead to failure decode of both channel if another fallback solution is not indicated for compensating the effect.     
On the other side, for UE without CA capability, out-of-order scheduling cannot be carried out at any cases. However, in practice, if scheduling conditions and timelines are allowed, it is still possible for UE to process two channels sequentially in a pipeline basis, which is the case indicated in Solution 4. 
· 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.

Solution 4-1 addresses the problem of UE behaviour uncertainty in Solution 1, albeit at the cost of sacrificing eMBB’s performance whenever out-of-scheduling is triggered. However, considering some UEs’ capability is limited, in order to cover as much UE as possible for expanding URLLC applications and for ease of implementation. Solution 4-1 has its role targeting on applications with lower UE capability. 
The gap of degraded eMBB performance can be filled to some extent by accurate and immediate re-scheduling. For gNB the UE behaviour of dropping is definite, the accompanying re-transmission procedure can be well-prepared in advance. 
From implementation point of view, if dropping happens in the course of first PDSCH decoding, UE can keep status of semi-finished results as a base for next time decoding. In this case, since only part of eMBB PDSCH is dropped, CBG based feedback can be considered. 
Another way to make up the performance loss of eMBB is to configure slot based PDSCH repetition for eMBB traffic. For efficient resource utilization, additional one repetition could be sufficient for sporadic dropping caused by out-of-order scheduling.            

Solution 4-2 makes it possible for UE to process both the first and second PDSCH whenever scheduling conditions are satisfied. With clearly definition of conditions for out-of-order scheduling and shared understanding, UE behaviour is well-known at gNB side. These advanced features over Solution 4-1 allows UE to perform opportunistic low-priority data transmission. A prominent feature of this solution, compared to Solution 2 or 3, is that even UE is not capable of CA, out-of-order scheduling is still possible as long as scheduling timeline is not too harsh, i.e, need to take UE’s induced processing time of each scheduling conditions into account.
Proposal 1: Both Solution 4-1 and Solution 4-2 are preferred, considering applicable scenarios for UEs with limited capability, and for UEs with advanced out-of-order feature capable of processing both PDSCH conditionally.
2.2  Compound solution integrating Solution 4-2 and Solution 3 
A compound solution consists of Solution 4-2 and Solution 3 is proposed here for possible compromising. 

If CA capability can be incorporated to be one of conditions in Solution 4-2, then Solution 3 and Solution 4-2 can be merged into a more comprehensive solution which takes both CA capability and scheduling condition into consideration. This compound solution can address some uncertain issues in Solution 3. 

One of the issues lies in the availability of UE’s CA capability. If UE cannot support CA, then out-of-order operation seems not allowed. However, even UE without CA capability, gNB can still conditionally perform out-of-order scheduling according to certain scheduling constraints for UE process both PUSCHs in consecutive way. Another issue of Soution 3 is that the UE behavior is not defined if the conditions reporting to gNB are not satisfied, i.e., it is not clear whether the UE still processes the second PDSCH or not. 

The compound solution, which is based on the structure of Solution 4-2 and takes UE capability in Solution 3 as an additional dropping condition, not only addresses above uncertainties, it also provides wider application range of out-of-order scheduling. Hence can be considered as one of compromised solutions.
Proposal 2: A compound solution which integrates Solution 4-2 and Solution 3 by taking UE capability as one of potential conditions in Solution 4-2 can be considered as one of compromised solutions.
3 Modifications of Solution 4-1 and Solution 4-2
In this section, we provide our views on the shortage of Solution 4-1 and 4-2, including clarifications of dropping behavior in Solution 4-1 and the proposal of additional scheduling conditions to be added in Solution 4-2.
3.1 Solution 4-1: Always drop the first PDSCH 
According to UE’s capability, processing of both traffics may not be possible. In this case, UE can just ignore previously received PDSCH data and divert to later received URLLC PDSCH. In this way, HARQ-ACK for URLLC is transmitted first, and then UE can either transmit NACK or DTX for first scheduled PDSCH at designated PUCCH resource. However, since interruption of the first channel induce additional processing time necessary for the second PDSCH by d symbols as indicated in sub-bullet of Solution 4. If increased processing time can still meet the timing of URLLC feedback, then it is fine to drop the first PDSCH. On the contrary, if increased processing time cannot meet the feedback timing as indicated by gNB, then UE’s behavior is not clear. One possibility is that UE keeps processing the first PDSCH as usual, and gives up the processing of the second PDSCH.     

Proposal 3:

· For Solution 4-1, following issues need to be further clarified.

· Dropping of first PDSCH result in increased processing time of second PDSCH. If timing condition is still satisfied then UE can perform dropping. Otherwise, UE’s behavior is FFS, e.g., UE proceeds the processing of first PDSCH or not should be clarified

· UE’s follow up behavior of dropped PDSCH should be clarified, e.g., UE should transmit NACK or DTX at the assigned PUCCH resource for the first PDSCH.
3.2 Solution 4-2: Conditionally drop the first PDSCH
In some scheduling condition, first PDSCH can also be processed even with the insertion of URLLC traffic. Although scheduling conditions defined for supporting out-of-order scheduled HARQ-ACKs remains FFS at this moment. It can be envisioned UE’s processing time will be enlarged, as a result of additional processing time neede for higher priority traffic. To reflect this effect, whenever out-of-order scheduling is triggered, additional time margin or delay element needs to be created and added to the processing/preparation time calculation of the higher-priority traffic.
For scheduling condition of Solution 4-2, in additional to the number of RBs, TBS, number of layers. The value of the delay element could be a function of the location of the second PDSCH and PUCCH, including the length of each channel and relative distance between starting or end point of PDSCH-PDSCH, PDSCH-PUCCH, PUCCH-PUCCH among low-priority and high-priority traffics. 

Based on above analysis, scheduling condition for dropping first PDSCH channel not only relies on the gap between the first and second PDSCHs and the gap between the two PUCCHs carrying HARQ-ACK, it also depends on the time gap between the end of first PDSCH and end of its PUCCH carrying HARQ-ACK. If this time gap is large enough, UE can still buffer and process the first PDSCH after finishing the second PDSCH regardless the time gap value between PDSCH-PDSCH and PDSCH-PUCCH.
Proposal 4:

· For Solution 4-2, following scheduling conditions should also be taken into account

· For scheduling conditions. In addition to the time gap between the first and second PDSCHs, and the time gap between the two PUCCHs carrying HARQ-ACK. The 3rd time gap, which is between the first scheduled PDSCH and its PUCCH carrying HARQ-ACK should also be taken into account.      
3. Conclusion
We have the following observations and proposals regarding out-of-order scheduling. 
Proposal 1: Both Solution 4-1 and Solution 4-2 are preferred, considering applicable scenarios for UEs with limited capability, and for UEs with advanced out-of-order feature capable of processing both PDSCH conditionally.

Proposal 2: A compound solution which integrates Solution 4-2 and Solution 3 by taking UE capability as one of potential conditions in Solution 4-2 can be considered as one of compromised solutions.

Proposal 3: For Solution 4-1, following issues need to be further clarified.
· Dropping of first PDSCH result in increased processing time of second PDSCH. If timing condition is still satisfied then UE can perform dropping. Otherwise, UE’s behavior is FFS, e.g., UE proceeds the processing of first PDSCH or not should be clarified

· UE’s follow up behavior of dropped PDSCH should be clarified, e.g., UE should transmit NACK or DTX at the assigned PUCCH resource for the first PDSCH.
Proposal 4: For Solution 4-2, following scheduling conditions should also be taken into account
· For scheduling conditions. In addition to the time gap between the first and second PDSCHs, and the time gap between the two PUCCHs carrying HARQ-ACK. The 3rd time gap, which is between the first scheduled PDSCH and its PUCCH carrying HARQ-ACK should also be taken into account.      
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