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Discussion and decision
1 Introduction
In last RAN plenary meeting, new WID for eURLLC [1] was approved for enhancing PDCCH/PUCCH/PUSCH /PDSCH as well as inter-UE multiplexing for UEs supporting different reliability and latency.
	Detailed objectives of the work item are the following:
· Specification of PDCCH enhancements [RAN1]

· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any) 

· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.
· Specification of UCI enhancements [RAN1]

· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE
· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]

· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· 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 
· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]

· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824)  
· Specification of enhanced UL configured grant transmission [RAN1, RAN2]

· Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell 
· Note: V2X use cases are also considered 


Moreover, in last RAN1 meeting, it was agreed to have several options for out-of-order PDSCH to HARQ-ACK and out-of-order PDCCH to PUSCH, respectively as follows. 

	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. 


Based on above agreement, this contribution discusses on details of out-of-order scheduling/HARQ procedure and on UE behavior for PDSCH/PUSCH overlapping/conflict in time domain.
2 Discussion
1.1 PDSCH to HARQ-ACK
Regarding PDSCH to HARQ-ACK, it is identified in 38.214 [2] that the UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. However, this procedure might be some restrictions to UEs supporting multiple services. So, from last RAN1 meeting and WID, it was agreed to specify how to support out of order PDSCH to HARQ-ACK operation. 
As shown in Fig. 1, PDSCH B is received by UE after PDSCH A’s reception and also HARQ-ACK B corresponding to PDSCH B is firstly transmitted before HARQ-ACK A’s transmission for PDSCH A. Since Rel-15 NR does not allow this procedure to a UE, it considers error case and then would do anything that is not defined in specification. But, at least for eURLLC and IIoT, there might be strong use cases to support out of order PDSCH to HARQ-ACK, for example, first PDSCH A is for eMBB and second PDSCH B is for URLLC, or first PDSCH A is for URLLC requiring very low latency requirement (e.g., < 1ms) and second PDSCH B is for URLLC requiring relaxed latency requirement (e.g., > 3~4ms). That is, it would be happened for UEs supporting multiple service types having different latency requirements. 
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Figure 1. Out of order PDSCH to HARQ
Followings are discussions on proposed solutions regarding out of order PDSCH to HARQ from last agreements.
· Solution 1 means that UEs have a high priority to process second scheduled PDSCH in case of out of order PDSCH to HARQ and it puts UE implementation on whether the UE process the first scheduled PDSCH or not because gNB can know PDSCH decoding results from HARQ-ACK transmitted from the UE. It is still specification impact because at least UE needs to give a higher priority on second scheduled PDSCH rather than first scheduled PDSCH. If all have been done as UE implementation, it is likely that UE would process first scheduled PDSCH and drop second scheduled PDSCH that is not intended operations for out of order PDSCH to HARQ-ACK. From the solution 1, how to process second scheduled PDSCH should be specified except for first scheduled PDSCH. Although it might be implementable, gNB does not know whether a UE processed or dropped the first scheduled PDSCH when the UE reports NACK. Accordingly, for gNB, there might be nothing but to reschedule PDSCH by keeping same redundancy version. Moreover, solution 1 imply that all Rel-16 UEs implicitly support to allow out of order PDSCH to HARQ scheduling. Otherwise, it needs to clarify on solution 1 regarding UE capability because it is likely that some Rel-16 UEs do still not support out of order HARQ procedures as Rel-15 UEs. 
· Solution 2 means that UEs are able to process first and second scheduled PDSCHs depending on UE capability. So, gNB expects that at least those UEs always process two PDSCHs without dropping and is able to reschedule by changing redundancy version if reporting UE capability. Otherwise, since it is unclearly stated in the agreement in the case, there are three options to define UE behaviour. First is that a UE does not expect to have out of order PDSCH to HARQ-ACK scheduling like Rel-15 UE behaviour and second thing is that UE allows out of order PDSCH to HARQ-ACK scheduling like solution 1 not defining first scheduled PDSCH processing. Third thing is that UE drops first scheduled PDSCH and only processes second scheduled PDSCH when out of order PDSCH to HARQ happens. For first and second options, there is ambiguity on whether the UE drops or processes first scheduled PDSCH as mentioned in solution 1. On the other hand, as for option 3, gNB knows how the UE processes first and second scheduled PDSCHs. 
· Solution 3 is similar with solution 2 except that UE capability can be existing one such as CA or new one. However, it could not be mandated to schedule out of order PDSCH to HARQ although UE supports CA operation because some UEs can only support only CA not out of order PDSCH to HARQ according to UE implementation. Also, if conditions are not satisfied to a UE, it prevents gNB from scheduling out of order PDSCH to HARQ to the UE as UE behaviour is not defined like Rel-15 behaviours.
· Solution 4 does not specify the UE capability that processes both first and second scheduled PDSCH without dropping. Instead, it specifies how to drop first scheduled PDSCH depending on conditions (Alt. 2) or unconditionally (Alt. 1). Since it only supports UE capability that process only one PDSCH, the range of UE capabilities that NR supports would be restricted. Moreover, it needs to study further the necessity of increasing processing time for second scheduled PDSCH in case of out of order PDSCH to HARQ because it is likely that the second scheduled PDSCH’s latency would not meet URLLC latency requirement due to the increasing. 
Proposal 1: Consider solution 1 or solution 2 for supporting out of order PDSCH to HARQ-ACK. 
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 2. Out of order PDSCH to HARQ-ACK in case of PDSCH repetition

For example, as shown in Figure 2, 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 2. 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 2: Should consider out of order PDSCH to HARQ-ACK in case of PDSCH repetition. 

1.2 PDCCH to PUSCH
 PDCCH to PUSCH, it is identified in TS 38.214 [2] 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 3. Out of order PDCCH to PUSCH

As shown in Figure 3, 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 3: Consider solution 2 for supporting out of order PDCCH to PUSCH. 

In similar with PDCSH repetition, it should specify PUSCH repetition case for out of order PDCCH to PUSCH. As shown in Figure 4, 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.

[image: image4]
Figure 4. 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 4. 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 4: 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 5: UE should process second scheduled PUSCH and drop first scheduled PUSCH when those PUSCHs are overlapped at least in time domain. 

1.3 PDCCH to PDSCH
Last issue is that how to resolve when two granted PDSCH resources are overlapped with each other in time domain. From RAN2’s understanding, second scheduled PDSCH should have higher priority than first scheduled PDSCH. So, it should prioritize to process second scheduled PDSCH if UE reports capability. Here, there are two options on how to handle first scheduled PDSCH. First option is that UE drops always first scheduled PDSCH, and second option is putting UE implementation, that is, it does not specify UE behavior whether UE processes or drops the first scheduled PDSCH. Even if a UE receives first scheduled PDSCH, it is highly likely to report NACK because some of first scheduled PDSCHs are not used due to second scheduled PDSCH. As a simple solution, it is preferable to drop first scheduled PDSCH in case of two scheduled PDSCHs are (partially) overlapped with each other. Furthermore, it is straightforward that it does not need to introduce any priority levels because second scheduled PDSCH is always higher prioritization than first scheduled PDSCH. 
Proposal 6: UE should process second scheduled PDSCH and drop first scheduled PDSCH when those PDSCHs are overlapped at least in time domain. 


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. It needs further study on how to handle the situation where two PDSCHs are (partially) overlapped in frequency and time domain. 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 increase URLLC service’s availability.
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: Consider solution 1 and solution 2 for supporting out of order PDSCH to HARQ-ACK. 

Proposal 2: Should consider out of order PDSCH to HARQ-ACK in case of PDSCH repetition. 

Proposal 3: Consider solution 2 for supporting out of order PDCCH to PUSCH. 

Proposal 4: Should consider out of order PDCCH to PUSCH in case of PUSCH repetition. 

Proposal 5: UE should process second scheduled PUSCH and drop first scheduled PUSCH when those PUSCHs are overlapped at least in time domain. 

Proposal 6: UE should process second scheduled PDSCH and drop first scheduled PDSCH when those PDSCHs are overlapped at least in time domain. 
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