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Discussion and decision
1 Introduction
In last RAN1 meeting, there were discussions on out of order HARQ and how to report/generate HARQ-ACK feedback wherein two PDSCHs are overlapped in time. Followings are made as related working assumption and agreement.
	Agreements:

In case two unicast PDSCHs for a UE are overlapping, the following scenarios are identified:

· Scenario 1-1: Overlapping in the time domain and not in the frequency domain

· Scenario 1-2: Overlapping both in the time and frequency domains

Working assumption:

· When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.




Based on above agreement, this contribution discusses about HARQ-ACK generation/reporting for overlapping PDSCHs and out of order HARQ/PUSCH. Since out of order PUSCH had no discussion in last meeting, most contents are same as previous submitted contribution [1]. Regarding out of order HARQ, it has been updated based on email discussion by considering some question/comments from other companies. 
2 Discussion
1.1 Overlapping PDSCHs 
Regarding working assumption on HARQ-ACK generation, it should be confirmed as agreement to further progress on other issues. 
Proposal 1: Confirm working assumption related to HARQ-ACK generation for both overlapping PDSCHs 

Regarding HARQ-ACK reporting on overlapping PDSCHs, there was following captured proposal in chairman’s note in last meeting. 
	Proposals:

If the two unicast PDSCHs for a UE are overlapping, the UE may drop the processing of the low priority unicast PDSCH under both Scenario 1-1 and 1-2.

· The UE shall generate a NAK if the processing of the low priority PDSCH is dropped

· Note: From the starting symbol of the high priority PDSCH, the UE is not expected to receive the low priority PDSCH is not transmitted.
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Regarding above proposal, followings should be clarified firstly. 
· What is the definition of low priority unicast PDSCH?
· Should it enforce the UE to generate NACK for dropping PDSCH?
As for first question, RAN1 should identified the definition and in our view, first scheduled PDSCH should be lower priority than second scheduled PDSCH. This is also described in RAN2 LS [2] previously as follows.

	Scenario 1: Intra-UE DL Prioritization

This scenario considers a case where a UE has sequentially received two DL assignments with overlapping radio resources in time. RAN2 assumes that by the later DL assignment has priority over the earlier DL assignment, considering that in principle the gNB will only give an assignment that overlaps with previous assignment for higher priority traffic. Based on such assumption, RAN1 should study solutions for prioritizing later received DL assignments.


According to RAN2 understanding, it is also quite straightforward that second scheduled PDSCH has priority over first scheduled PDSCH. So, at least for PDSCH overlapping discussion, low priority PDSCH should be replaced as second scheduled PDSCH for clear RAN1 understanding and alignment with RAN2. 
As for second question, it is noted that the UE will generate HARQ-ACK information for both overlapping PDSCHs by potentially confirmed working agreement. Hence, no need to specify NACK generation on dropped PDSCH because UE will naturally report NACK without specification if the UE drop the PDSCH by implementation. Even if CBG configuration is configured to the UE, it is likely to report ACK upon some CBGs. So, it should not mandate such that UE shall drop first scheduled PDSCH. Instead, it just should clarify on second scheduled PDSCH like that the UE shall prioritize second scheduled PDSCH. 
Proposal 2: Low priority unicast PDSCH should be first scheduled PDSCH and high priority unicast PDSCH should be second scheduled PDSCH in case of overlapped PDSCH for scenario 1-1 and 1-2.
Proposal 3: No mandate UE behaviour reporting NACK in case of dropped first scheduled PDSCH.
Proposal 4: UE shall prioritize second scheduled PDSCH processing and may or may not process first scheduled PDSCH.

Even though Rel-15 UEs support only one unicast PDSCH reception at one time, some Rel-16 eURLLC UEs support two separate unicast PDSCH receptions simultaneously. So, it needs to specify how to design such a UE capability. For example, for UE supporting two unicast PDSCHs reception simultaneously, it could be possible to process two unicast PDSCH not overlapping in frequency domain (scenario 1-1). It needs further study on how to handle the situation where two PDSCHs are (partially) overlapped in frequency and time domain (scenario 1-2). Furthermore, it has been discussed on how to prioritize on same symbol direction, e.g., PDSCH to PDSCH, PUSCH to PUSCH. However, there might be some cases where gNB schedules urgent URLLC PDSCH on uplink resources that were already scheduled by eMBB UEs. Although this event is originally prevented in Rel-15 due to symbol direction conflict, this issue is also needed to study further to maximize URLLC service’s availability.
1.2 Out of order HARQ in case of non-overlapping PDSCHs
First, our preferences are shown as solution 1 (first) and solution 2 (second) in email discussion [96b-NR-05] and pros and cons for each solution were identified in our previous contribution. Before deciding one among all potential solutions, some solutions should be clarified further. In detail, solution 4-2 means that “Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first channel”. But, scheduling condition itself seems quite different scheme per different company. So, it needs to identify what scheduling conditions are targeting for solution 4-2. It is noted that UE and gNB may have some different understanding wherein the UE misses DCI for second scheduled PDSCH although some scheduling conditions are identified for solution 4-2. 
Proposal 5: Scheduling conditions should be identified or down-selected among all suggested conditions for solution 4-2 before deciding final solution.
Besides, as for solution 2, it should further clarify on UE behaviour wherein the UE does not report UE capability. As explained in email discussion [96b-NR-05], following options are possible. 
· Alt. 1: The UE always processes the second scheduled PDSCH. The UE may or may not drop the processing of the first scheduled PDSCH. (same as solution 1)
· Alt. 2: The UE always drops the first scheduled PDSCH (same as solution 4 – alt. 1)
· Alt. 3: The UE does not expect to have out of order HARQ scheduling, that is, it’s regarded as error case (same as Rel-15)

So, above alternatives should be considered together with existing solution 2’s intention. 

Proposal 6: It should clarify UE behaviour in case not of reporting UE capability signalling for solution 2. 
Regarding some concerns about solution 2, most companies commonly showed that solution 2 requires high UE capability because there is no condition. However, it seems unclear what condition can have relaxed UE capability or processing in out or order HARQ for solution 4-2 and furthermore even if condition exists, the condition has not been verified yet. Even in no condition for solution 2, since processing time requirement should be satisfied for both inner loop (i.e., second scheduled PDSCH and corresponding HARQ-ACK) and outer loop (i.e., first scheduled PDSCH and corresponding HARQ-ACK), following processing time relation can be made. 

outer loop’s processing time ≥ inner loop’s processing time                                                                                                       + PDSCH duration and PUCCH duration for HARQ-ACK within inner loop.

Accordingly, above implicit condition is already considered for solution 2 and this can be compared with other potential conditions included in solution 4-2. 
1.3 Out of order HARQ for PDSCH repetitions
Another issue to be resolved is out of order PDSCH to HARQ-ACK in case of PDSCH repetition. In last meeting, there were some discussions on a combination of PDSCH repetition and multiple PDSCH receptions in a slot and it was concluded that RAN1 understands that only one PDSCH reception in a slot is allowed when a UE is configured to receive multi-slot PDSCHs. However, as mentioned previously, since there might be UE capabilities supporting different reliabilities, latencies and packet sizes, multiple PDSCH receptions in a slot and multi-slot PDSCH receptions can be supported by the same UE. 
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Figure 1. Out of order PDSCH to HARQ-ACK in case of PDSCH repetition

For example, as shown in Figure 1, PDSCH A is repeated twice for eMBB whereas PDSCH B is transmitted once for URLLC by scheduling different DCI formats or DCI field (through “repetition factor” field). HARQ-ACK A’s resource is determined based on last transmitted occasion of PDSCH A. It should check whether or not it is out of order PDSCH to HARQ-ACK about Figure 1. For example, if first transmitted PDSCH A is considered, it is shown that out of order PDSCH to HARQ happens. On the other hand, if last transmitted PDSCH A is considered, it does not show out of order PDSCH to HARQ-ACK. To sum up, it needs to consider how to determine out of order PDSCH to HARQ-ACK and how to support UE behaviour if out of order PDSCH to HARQ-ACK happens. 
Proposal 7: Should consider out of order PDSCH to HARQ-ACK in case of PDSCH repetition. 

1.4 Out of order PUSCH
 PDCCH to PUSCH, it is identified in TS 38.214 [3] that for any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i. In similar with PDSCH to HARQ-ACK, it was agreed to specify in WID and provided some potential solutions in last RAN1 agreement. Also, it considers when first scheduled PUSCH’s resource is (partially) overlapped with second scheduled PUSCH’s resource at least in time domain. 
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Figure 2. Out of order PDCCH to PUSCH

As shown in Figure 2, Rel-16 will basically allow PDCCH B scheduling for PUSCH B after PDCCH A scheduling for PUSCH A in which PUSCH B is transmitted before PUSCH A or PUSCH B is overlapped with PUSCH A in time domain. Followings are discussions on proposed solutions about out of order PDCCH to PUSCH in last agreements.
· Solution 1 means that a UE always prioritizes on transmitting second scheduled PUSCH and it is UE implementation on whether the UE processes or drops first scheduled PUSCH. However, if it goes UE implementation, first scheduled PUSCH’s decoding performance can be worse if gNB assumes that a UE transmits first scheduled PUSCH in which actually the UE does not transmit PUSCH. It might be even worse that gNB will combine the first scheduled PUSCH (actually, not transmitted from the UE) and rescheduled PUSCH. So, it somehow needs to specify UE behaviour how to handle first scheduled PUSCH to give clear UE operation to gNB.
· Solution 2 means that a UE will transmit both first and second scheduled PUSCHs if a UE reports UE capability. Otherwise, there are 3 options to identify UE behaviour. First option is that the UE does not expect out of order PDCCH to PUSCH like Rel-15 UEs. Second option is that the UE prioritizes on second scheduled PUSCH’s transmission without defining to first scheduled PUSCH’s transmission that is similar with solution 1. Third option is that UE transmits second scheduled PUSCH’s transmission and drops first scheduled PUSCH’s transmission. In short, first option precludes to allow out of order PDCCH to PUSCH scheduling if a UE does not report the UE capability. While, second and third options allow scheduling out of order PDCCH to PUSCH scheduling although the UE does not report the UE capability or another UE capability such that the it allows out of order PDCCH to PUSCH and not processes both of them. 
· Solution 3 is same with solution 2 except that conditions can be existing UE capability such as CA. As mentioned before, it is better to introduce a new capability indicating out of order PDCCH to PUSCH for flexibility aspect.
· Solution 4 seems that it limits on UE behaviour by mandating to drop first scheduled PUSCH transmission without any UE capability signalling. It also further limits flexibility on UE capabilities as it precludes the case that it supports two scheduled PUSCHs processing when those are not overlapped in time domain. Since it is important to satisfy latency requirement for URLLC UEs, processing time should be same whether or not it schedules URLLC PUSCH in out of order. 
Proposal 8: Consider solution 2 for supporting out of order PDCCH to PUSCH. 

1.5 Out of order PUSCH for PUSCH repetitions
In similar with PDCSH repetition, it should specify PUSCH repetition case for out of order PDCCH to PUSCH. As shown in Figure 3, for example, there is a scenario where PUSCH A is repeated twice for eMBB packet and whereas PUSCH B is transmitted once for URLLC packet under the assumption that eMBB and URLLC have different reliabilities, latencies and packet sizes even though they require the same coverage for uplink. It is noted that dynamic PUSCH repetition would be provided by different DCI formats or DCI field including repetition factor.
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Figure 3. Out of order PDCCH to PUSCH in case of PUSCH repetition


In that case, it is important to identify whether or not it is out of order PDCCH to PUSCH as shown in Figure 3. For example, if first transmitted PUSCH A is considered, it is not shown that out of order PDCCH to PUSCH happens. On the other hand, if last transmitted PUSCH A is counted, it shows out of order PDCCH to PUSCH. To sum up, in case of PUSCH repetitions, it needs to consider how to determine out of order PDCCH to PUSCH and how to handle this situation properly.
Proposal 9: Should consider out of order PDCCH to PUSCH in case of PUSCH repetition. 


Also, it is straightforward that second scheduled PUSCH has higher priority than first scheduled PUSCH when those PUSCHs are overlapped at least in time domain. So, without defining any priority levels in RAN1, it is possible that a UE drops first scheduled PUSCH and prioritizes on transmitting second scheduled PUSCH when those PUSCHs are (partially) overlapped. 
Proposal 10: UE should process second scheduled PUSCH and drop first scheduled PUSCH when those PUSCHs are overlapped at least in time domain. 

3 Conclusions
This contribution considered out of order PDSCH to HARQ, out of order PDCCH to PUSCH including PUSCH overlapping and PDSCH overlapping in at least time domain. Followings are summary of proposals in this contribution.
Proposal 1: Confirm working assumption related to HARQ-ACK generation for both overlapping PDSCHs 
Proposal 2: Low priority unicast PDSCH should be first scheduled PDSCH and high priority unicast PDSCH should be second scheduled PDSCH in case of overlapped PDSCH for scenario 1-1 and 1-2.
Proposal 3: No mandate UE behaviour reporting NACK in case of dropped first scheduled PDSCH.
Proposal 4: UE shall prioritize second scheduled PDSCH processing and may or may not process first scheduled PDSCH.
Proposal 5: Scheduling conditions should be identified or down-selected among all suggested conditions for solution 4-2 before deciding final solution.

Proposal 6: It should clarify UE behaviour in case not of reporting UE capability signalling for solution 2. 

Proposal 7: Should consider out of order PDSCH to HARQ-ACK in case of PDSCH repetition. 

Proposal 8: Consider solution 2 for supporting out of order PDCCH to PUSCH. 

Proposal 9: Should consider out of order PDCCH to PUSCH in case of PUSCH repetition. 

Proposal 10: UE should process second scheduled PUSCH and drop first scheduled PUSCH when those PUSCHs are overlapped at least in time domain. 
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