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Discussion and decision
1 Introduction
In last RAN1#97 meeting, it was discussed on how to handle two unicast PDSCHs according to same or different processing time as well as overlapping or not and also following conclusion was made. 
	Conclusion:
Study further whether/how to support the following scenarios for the handling of two unicast PDSCHs:

1. When different DL processing times are associated with different PDSCHs on the same serving cell, and the two PDSCHs are non-overlapping.

· Note: The PDSCH-to-PUCCHs can be out-of-order or in-order.

· Note: The solution(s) should address the UE processing pipelining issue.
· Two PDSCHs follow DL processing timing capability #1 and #2, respectively, on the same serving cell.
· FFS if any different solutions are necessary to address different scenarios when the above condition occurs 

2. When the same DL processing time is configured on the same serving cell, and the two PDSCHs are non-overlapping, and the PDSCH-to-PUCCHs are out of order.

· Note: There is no UE processing pipelining issue.

· Note: the in-order PDSCH-to-PUCCHs are already handled in Rel-15.

3. The two unicast PDSCHs are overlapping at least in the time domain, regardless of whether the same or different DL processing times is configured on the same serving cell.

· Note: The solution(s) should address the UE processing pipelining issue in this case.


In this contribution, above scenarios will be discussed and most main proposals and positions are almost similar with previous submitted contribution since there is little progress on this agenda except that how to identify the maximum number of out of order HARQ (or PUSCH) is newly discussed. 
2 Discussion
1.1 Working assumption from RAN1#96bis
In RAN1#96bis, there was a working assumption regarding HARQ-ACK generation for two overlapping unicast PDSCHs as follows. It should be confirmed not to make misunderstanding between gNB and UE even when UE misses one of scheduling DCIs. 
	Working assumption:

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


Proposal 1: Confirm working assumption related to HARQ-ACK generation for both overlapping PDSCHs 
1.2 Conclusion from RAN1#97
	1. When different DL processing times are associated with different PDSCHs on the same serving cell, and the two PDSCHs are non-overlapping.

· Note: The PDSCH-to-PUCCHs can be out-of-order or in-order.

· Note: The solution(s) should address the UE processing pipelining issue.
· Two PDSCHs follow DL processing timing capability #1 and #2, respectively, on the same serving cell.
· FFS if any different solutions are necessary to address different scenarios when the above condition occurs 


Main motivation of considering this scenario is to allow different DL processing time capability #1 and #2 per a cell according to scheduled PDSCH length when additional DMRS is configured. For example, if actual PDSCH length is short and not to have additional DMRS, it is possible to allow DL processing time capability #2, while if actual PDSCH length is longer with having additional DMRS, it should follow DL processing time capability #1. 
Table 1: PDSCH processing time for PDSCH processing capability 1
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	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 

or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24


In Rel-15, there are two kinds of PDSCH processing time for PDSCH processing capability 1. Since there are two different processing times (e.g., fast cap#1 in second column and slow cap#1 in third column from Table 1 even if UE does not support DL processing time capability #2, it may be possible that different DL processing time can be applied according to PDSCH duration. Besides, PDSCH processing times can be different depending on DMRS type, scheduled PDSCH length and overlapping symbol of the scheduling PDCCH and the scheduled PDSCH given that PDSCH processing time capability is same to as 1 or 2. If pipelining issue may come from that two consecutive PDSCHs require different processing time, Rel-15 has already handled the issue without any specification or technical support such that mixed processing capabilities are associated with a certain serving cell.
Observation 1: Additional DMRS and DL processing cap#2 cannot be a reason to support different processing time capabilities per a serving cell.
	2. When the same DL processing time is configured on the same serving cell, and the two PDSCHs are non-overlapping, and the PDSCH-to-PUCCHs are out of order.

· Note: There is no UE processing pipelining issue.

· Note: the in-order PDSCH-to-PUCCHs are already handled in Rel-15.



As noted in above box, second scenario is already considered in Rel-15 behaviour in case of in-order PDSCH to HARQ-ACK operation. In eURLLC SID, main motivation of having out-of-order HARQ is to provide more flexible scheduling to both gNB and UE if the UE supports different service types. So, this scenario should be considered to support as a baseline rather than first scenario. Since Rel-15 UE is also able to support both eMBB and URLLC services at the same time with supporting DL processing time capability #2, same DL processing time assumption can still be applicable to Rel-16 having out of order HARQ feature additionally. It needs to further check on whether UE processing pipelining issue exists or not in this scenario because two consecutive PDSCHs have different processing time in Rel-15 as mentioned before.
	3. The two unicast PDSCHs are overlapping at least in the time domain, regardless of whether the same or different DL processing times is configured on the same serving cell.

Note: The solution(s) should address the UE processing pipelining issue in this case.



In RAN1#96bis, main part of the third scenario was already agreed to consider except for same or different DL processing times. Since Rel-15 already supports same or different DL processing times even in same processing time capability as mentioned before, this scenario should be supported. 
1.3 Out of order HARQ 
It is important to design unified and one solution to be applicable for all scenarios even if some scenarios might not be identified to support. In this regards, solution 1 (The UE always processes the second scheduled PDSCH. The UE may or may not drop the processing of the first scheduled PDSCH) is preferred with following reasons. 

· This solution is much simpler than others as no specification impact

· It can be applicable for both two overlapping unicast PDSCHs and two non-overlapping unicast PDSCHs
· It has not been identified how much solution 1 has worse performance than other solutions with numerical or simulation results. 

· Out of order scheduling will be mostly used when URLLC traffic is sporadic and unpredictable. In this regard, eMBB performance degradation would be very marginal even if UE always drops first scheduled PDSCH. 
If there is still concern about unpredictable network operation because gNB does not know whether the UE will process first scheduled PDSCH or not, solution 2 (The UE processes both the first and second PDSCHs as a UE capability with no condition) can be second good solution to provide more information to gNB by indicating UE capability. Since solution 2 only mention about UE behaviour when UE reports UE capability, it needs to identify UE behaviour when UE does not report UE capability or not configured from gNB. In that sense, our preference is that Rel-15 behaviour (i.e., UE does not expect to be scheduled with out of order HARQ) or solution 1 could be candidate solution. 
Proposal 2: Solution 1 (The UE always processes the second scheduled PDSCH. The UE may or may not drop the processing of the first scheduled PDSCH) should be supported for out of order HARQ 

Proposal 3: Solution 2 (The UE processes both the first and second PDSCHs as a UE capability with no condition) with further identifying UE behaviour (e.g., Rel-15 or solution 1) in case of not reporting a UE capability can be considered second preference. 

Regarding solution 3, it does not need to associated with CA capability for supporting out of order HARQ. Since CA capability is another kind of UE capability, solution 2 is more general solution than solution 3 in view of providing same benefit because it is likely to support out of order HARQ scheduling even if the UE does not have CA capability. 
Regarding solution 4-1, it does not need to mandate UE behaviour by dropping first scheduled PDSCH as gNB is able to know whether or not TB is successfully decoded by receiving HARQ-ACK information. If it may allow that UE drops first scheduled PDSCH and corresponding HARQ-ACK transmission for some reasons, it is likely that gNB and UE may have different understanding if UE missed second scheduling information, and moreover, that HARA-ACK codebook includes other scheduled PDSCHs as well as the first scheduled PDSCHs due to asynchronous HARQ-ACK feedback timing. 
Regarding solution 4-2, it is very hard to decide which condition/values could be best or optimized depending on scenarios. It may incur so much specification efforts to identify condition and related values. Moreover, it is difficult to justify meaningful performance gain rather than other solutions. What solution 4-2 argues is that it can provides predictable gNB behaviour. However, it still exists unpredictability as UE is likely to miss one of scheduling DCIs from gNB. So, in this regards, there is no solution for gNB but to rely on HARQ-ACK feedback information sent from UE.  
Regarding the issue related to two PDSCH overlapping in time domain, solution 1 can also be reused without any medication. Since second scheduled PDSCH should be higher priority than first scheduled PDSCH in this case, it is reasonable to prioritize processing of second scheduled PDSCH and may or may not process first scheduled PDSCH. Similar with solution 2, simultaneous PDSCH scheduling or processing capability can also be introduced to provide some information to gNB. 

Proposal 4: As for overlapping PDSCHs, solution 1 should be supported to provide unified solution. Whether or not to introduce UE capability can be further considered.
1.4 Out of order PUSCH
First of all, regarding PUSCH preparation procedure time, it is not relevant that it has different processing time capabilities per single cell because additional DMRS does not affect processing time at all. Followings are views on out of order PUSCH for potential 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
· It 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, for example, how to handle first scheduled PUSCH to give clear UE operation to gNB.
Solution 2: The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability with no condition
· It means that a UE will transmit both first and second scheduled PUSCHs if a UE reports UE capability. Otherwise, there are 2 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 UE transmits second scheduled PUSCH’s transmission and drops first scheduled PUSCH’s transmission. It is simpler solution than others because it has little specification impact except for UE capability signalling. 
Solution 3: The UE processes both the first scheduled and second scheduled PUSCHs under some conditions. The conditions are reported as a UE capability 
· It 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 such that a UE can be scheduled having out of order PUSCH even if the UE does not support CA capability.
Solution 4 (Alt. 1): The UE always drops the first scheduled PUSCH.

· It may provide limited 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. 

Solution 4 (Alt. 2): Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first scheduled PUSCH.
· It is difficult to identify what condition or value can be used for allowing out of order PUSCH scheduling, so it affects huge specification impact compared with marginal gain. 
Proposal 5: For out of order PUSCH, it prefers solution 2 with additional UE behaviour (e.g., Rel-15 or dropping first scheduled PUSCH) when UE does not report capability.
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 6: UE should process second scheduled PUSCH and drop first scheduled PUSCH when those PUSCHs are overlapped at least in time domain. 

1.5 PDSCH/PUSCH repetitions
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Figure 1. Out of order PDSCH to HARQ-ACK in case of PDSCH repetition

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: It should consider out of order HARQ-ACK in case of PDSCH repetition. 

In similar with PDCSH repetition, it should specify PUSCH repetition case for out of order PDCCH to PUSCH. As shown in Figure 2, 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 2. 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 2. 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 8: It should consider out of order PUSCH in case of PUSCH repetition. 
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: Solution 1 (The UE always processes the second scheduled PDSCH. The UE may or may not drop the processing of the first scheduled PDSCH) should be supported for out of order HARQ 

Proposal 3: Solution 2 (The UE processes both the first and second PDSCHs as a UE capability with no condition) with further identifying UE behaviour (e.g., Rel-15 or solution 1) in case of not reporting a UE capability can be considered second preference. 

Proposal 4: As for overlapping PDSCHs, solution 1 should be supported to provide unified solution. Whether or not to introduce UE capability can be further considered.
Proposal 5: For out of order PUSCH, it prefers solution 2 with additional UE behaviour (e.g., Rel-15 or dropping first scheduled PUSCH) when UE does not report capability.

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

Proposal 7: It should consider out of order HARQ-ACK in case of PDSCH repetition. 

Proposal 8: It should consider out of order PUSCH in case of PUSCH repetition. 

Following is observation in this contribution.
Observation 1: Additional DMRS and DL processing cap#2 cannot be a reason to support different processing time capabilities per a serving cell.
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