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Introduction
In RANP #83, a new work item on physical layer enhancements for NR URLLC is approved [1]. One of the objectives of this work item is to specify the schemes which allow for supporting out-of-order downlink HARQ and downlink/uplink scheduling:
· [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 

Regarding the out-of-order HARQ and uplink scheduling, RAN1 has so far reached the following agreements: 

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. 
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.

Conclusion:
· Study further whether/how to support the following scenarios for the handling of two unicast PDSCHs:
· 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 
· 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.
· 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 #97, as explained in details in [2], the following points were raised:
1) Regardless of whether the same or different processing times are allowed on the same cell, PDSCH + PDSCH collision is an example of out-of-order scheduling with impact on UE’s processing timeline. 
· The UE needs to be able to handle this case by either dropping the low priority PDSCH, via Solution 1 or 4, or by being able to process both PDSCHs using its extra baseband capability via Solution 3.
· Solution 2 does not address the impact on UE’s processing pipelining.
2) Depending on whether the same or different processing timelines are allowed on the same carrier, for handling out-of-order HARQ-ACK, the following solutions can be considered:
· If PDSCH scheduling limitations are kept the same as those of the Rel. 15 NR, Solution 2 can be adopted.
· If PDSCH scheduling limitations are relaxed as compared to Rel. 15 NR, Solution 1 or 3 or 4 can be adopted. 
3) Depending on whether the same or different processing timelines are allowed on the same carrier, for handling out-of-order PUSCH (except for the ccase of overlapping PUSCHs), the following solutions can be considered:
· If PUSCH scheduling limitations are kept the same as those of the Rel. 15 NR, Solution 2 can be adopted.
· If PDSCH scheduling limitations are relaxed as compared to Rel. 15 NR, Solution 1 or 3 or 4 can be adopted. 

Hence, to be able to select a solution or a set of solutions for handling the out-of-order HARQ and scheduling, it should be decided whether different minimum processing timeline capabilities can be allowed on the same carrier. 
For this meeting, companies’ contributions [2-22] provide discussions related to out-of-order HARQ, uplink scheduling and PDSCH collision as summarized in Sections 2, 3 and 4, repesctively. The additional topics are summarized in Section 5.
Out-of-Order PDSCH-to-PUCCH
This section summarizes the proposals from the companies on whether different processing timing capabilities should be allowed on the same cell for PDSCH scheduling, and their views about the four different solutions.
· FL comment: In the tables below, proposing solution 1, 3 or 4 is interpereted as allowing for different minimum PDSCH processing time capabilities on the same carrier (otherwise, these solutions are not needed.)

	Company
	Mixing different minimum PDSCH processing time capabilities on the same carrier is allowed
	Mixing different minimum PDSCH processing time capabilities on the same carrier is NOT allowed

	Huawei, HiSi
	For intra-UE multiplexing with additional DMRS for eMBB in high speed scenarios, and for potential UE power saving. 
Define scheduling conditions that allows the UE to process two PDSCHs with different processing time capabilities with SCS = 15KHz and 60KHz.
One solution to handle both in-order and out-of-order issues, when different processing times are allowed on the same carrier, should be adopted.
	

	Ericsson
	Define an advanced UE capability to allow for processing both channels. 
If the UE is not capable, define scheduling limitations for terminating the processing of the low priority PDSCH.
	

	vivo 
	Mixing the capabilities is a typical scenario for intra-UE eMBB vs. URLLC scheduling.
	

	ZTE
	
	Mixing of capabilities should not be considered if the PDSCHs are non-overlapping. 

	MTK
	
	Mixing different processing time capabilities on the same serving cell is out of the scope of the WI. 

	Samsung
	
	Additional DMRS and DL processing cap#2 cannot be a reason to support different processing time capabilities per a serving cell. 
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.
FL comment: There is no mixed of capabilities on the same serving cell in Rel. 15. All the rules that are imposed are to make sure that it is prohibited as explained in details in [2].

	LGE
	Yes
	

	CATT
	Yes. Only for supporting additional DMRS and cap#2 on the same cell.
	

	Intel
	Yes, only for the case where the UE indicating pdsch-ProcessingType2-Limited capability, and when additional DMRS and cap#2 timing are needed to be configured on the same carrier.
In this paper, it is further mentioned that there are cases in Rel. 15, where the perfect pipelining is not possible by the UE. Two examples are give:
· Additional margins are provided to the minimum UE processing times for PDSCHs of short durations or for such PDSCHs that have time-domain overlaps with the scheduling PDCCH. If a first PDSCH is scheduled such that the additional margins apply, while a following PDSCH does not have the additional margins, it can be seen that there can be overlapping of processing times due to the longer processing time dimensioned for the first PDSCH.
· FL comment: The N1 values for each capability and the margins are designed such that in all these cases, perfect pipelining is possible. Otherwise, dropping would have been needed in Rel. 15 NR.
	

	OPPO
	Different PDSCHs for different service types should follow different PDSCH processing time capabilities to save UE power.
	

	Nokia
	Support out-of-order HARQ-ACKs between two non-overlapping PDSCHs for the PDSCHs associated with the same processing time. 
Support out-of-order HARQ-ACKs across two non-overlapping PDSCHs associated with different PDSCH processing times.  
	

	Panasonic 
	
	Given the amount of the available standardization time, to stick to Scenario#2 for Rel.16 could be one option.

	InterDigital
	Support the scenario where different DL processing times are associated with different PDSCHs on the same serving cell.
	

	Sharp
	For Rel.16 DL URLLC, Rel.15 DL processing capability restriction due to the additional DMRS configuration should be removed so that two different processing capabilities can be allowed to be applied to a same serving cell. 
	

	III
	Support each of the three scenarios for the handling of two unicast PDSCHs.
	

	NTT DOCOMO
	Flexible dynamic switching between UE capabilities can be considered.
All the three cases should be supported for the following reasons:
· Case 1: to improve efficiency of eMBB/URLLC multiplexing intra-UE
· Case 2:to accommodate different traffic types for URLLC
· Case 3: to introduce intra-UE DL prioritization
	

	Qualcomm
	Yes, for the cases. For the case of PDSCH+PDSCH collision, even if the processing timelines are the same, the UE’s pipeline is impacted. Hence, a solution is needed for this scenario. The same solution can be used for handling out-of-order scheduling in case different timelines are configured. In other words, once the UE has implemented a solution for PDSCH+PDSCH overlap, it is capable of handling OOO with different timelines. The network can benefit from it when needed. 
	



Summary: Regarding whether different DL minimum processing timeline capabilities should be allowed on the same carrier or not:
· 10 companies (Huawei/HiSi, Ericsson, vivo, LGE, OPPO, InterDigital, III, DOCOMO, Qualcomm) support the mixing of different DL timeline capabilities in all cases.
· 3 companies (CATT, Intel and Sharp, Nokia) proposed to only allow different minimum processing timeline capabilities on the same carrier when additional DMRS and timeline capability #2 are simultaneously configured.
· 4 companies (ZTE, MediaTek, Samsung and Panasonic) proposed not to allow for different minimum DL processing timeline capabilities to coexist on the same carrier. 

Based on the views presented by the companies, further discuss the following proposal in RAN1 #98:
Proposal:For Rel. 16 NR, handling collision between two overlapping unicast PDSCHs is allowed between the same and different minimum processing timeline capabailities. For different minimum processing timeline capabilities, the following cases are considered:
· Case 1: different minimum processing capabilities can be configured for PDSCHs on the same carrier.
· Case 2: additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier.


Proposal: For Rel. 16 NR, the following cases are supported:
· Case 1: different minimum processing capabilities can be configured for PDSCHs on the same carrier. The minimum processing timeline for each PDSCH is indicated at the PHY layer.
· Case 2: additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier.




	Company
	Solution 1

	Huawei, HiSi
	Negative impact on system efficiency.
If a PDSCH is dropped, and NAK is sent, the gNB does not know whether the TB is not successfully decoded, or if the UE did not process the PDSCH.
gNB can skip decoding PUCCH and save power if it knows in advance whether a PDSCH processing will be dropped.
Solution 1 should not be supported. 

	vivo
	If UE always drop the first PDSCH, the performance of eMBB would be decreased enormously. In the extreme case, eMBB service cannot be scheduled in a time interval. On the other hand, the dropped eMBB PDSCHs need to be rescheduled which would influence the resource utilization efficiency from system perspective.

	ZTE
	Compared to normal PDSCH scheduling, the out of order HARQ scheduling is a small probability event. A gNB can simply ignore the NACK for low priority PDSCH since outer-loop link adaptation is more of a statistical process and would not be influenced even slightly by a single miss of NACK. Even if a gNB would like to take the NACK for low priority PDSCH into account for out-loop link adaptation, the gNB can still make reasonable assumption that if an ACK is received for the high priority PDSCH and NACK is received for the low priority PDSCH. Because such case means the channel quality/CQI reporting is good and the NACK for low priority is very much possible caused by UE dropping the PDSCH. Anyway, it is obvious that the influence for out-loop link adaptation in Solution 1 is quite limited and can be neglected.

	MTK 
	Although Solution 1 looks simple and straightforward and has little specification impacts, it has a lot of drawbacks. First, the eMBB throughput will be degraded (assuming eMBB is the low priority traffic). 
Second, it will lead to lack of predictability at the gNB side if the UE is going to process or not the scheduled PDSCH. The UE may always drop the first scheduled PDSCH and this will highly impact the throughput especially if the URLLC traffic is very frequent. The UE may also decide to process the first scheduled PDSCH from time to time under some implementation conditions and this will confuse the gNB which is not aware about the conditions applied by the UE. 


	Samsung
	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. 
FL comment: Considering the earlier proposal in this paper, i.e., the mixed of different timeline capabilities should not be allowed on the same carrier, it is not clear why any solution involving dropping is needed for the case of two non-overlapping PDSCHs.

	LGE
	Solution 1 would incur unpredictable network operation, and furthermore it is envisioned that the performance of the low priority traffic is degraded since a UE is highly likely to do nothing about the low priority PDSCH if the processing of the low priority PDSCH is up to UE implementation. 

	Intel
	It leaves it up to UE implementation whether or not the first PDSCH is processed. Effectively, from a performance perspective, this makes Solution 1 as being in the same category as Solution 4-Alt1 where the first PDSCH is always dropped.

	Nokia/NSB
	Even though Solution 1 guarantees the processing of the second PDSCH, under which conditions the UE can process the first PUSCH is not defined.
For Solution 1, even if the gNB can use HARQ-ACK to guess the UE behaviour, the gNB does not know whether or under what conditions the UE is able to process both. Therefore, with Solution 1, the gNB cannot adjust the scheduling decision to take advantage of the cases when the UE can process both. 

	Sony
	This introduces uncertainty to the network scheduler as the network would need to guess whether the 1st PDSCH/PUSCH can be processed when scheduling the 2nd PDSCH/PUSCH.  Secondly, the likely UE implementation would be one where the UE always drops the 1st PDSCH/PUSCH, which would look like Solution 4-1 (Alt1 of Solution 4).  Always dropping the 1st PDSCH/PUSCH, which is likely an eMBB transmission, would lead to inefficient use of resources and hence is not desirable in terms of the performance of the eMBB service.


	Panasonic 
	Solution 1 is the simplest from specification impacts and UE implementation perspective. Note that our understanding that Solution 1 means not only to process the first channel or not, but it can be 1) not decode but to keep soft buffer, 2) not decode and not keep soft buffer, and 3) to decode it. Any of three are allowed as UE implementation.

	III
	The behaviour of UE for processing both channels is unpredictable.

	Qualcomm
	One drawback of this scheme is that the processing of the low priority channel is left to the UE implementation, which means that the network operation cannot be made predictable. 




	Company
	Solution 2

	Huawei, HiSi
	This solution is not applicable if different minimum PDSCH processing times are used on the same carrier. This would be the case when one PDSCH is configured with additional DMRS or when an eMBB PDSCH is not needed to be processed fast for power saving reasons. 


	MTK
	Support Solution 2 and only consider the case where timelines are not different on the same carrier. 
FL commnet: The scenario where different minimum processing timelines are allowed on the same serving cell is mentioned to be out of scope of the WI in this paper. This needs to be clarified. Particulalrly, if there was any earlier agreement on when out-of-order is allowed, please refer to them. 

	LGE
	Solution 2 would not be able to solve the UE pipelining issue when different processing time capabilities are mixed by a certain condition (e.g., additional DMRS or number of allocated RBs) on a carrier.

	Intel
	Solution 2 provides the best performance, if feasible. 
· One important note (as also discussed as part of the RAN1 email discussion) is that the phrase “with no condition” should be interpreted as “with no new condition”. Certainly, the conditions and behaviors defined in Rel-15 related to applicability of Cap #1 vs. Cap #2-based timings, restrictions from max data rates, etc., still apply. There is no intention or sufficient justification to re-do the framework from Rel-15. 

	Nokia
	For solution 2, it could be challenging for UEs to process both PDSCHs without any condition in practice as the UE would need to provide sufficient PDSCH processing power for OoO HARQ-ACK on each supported component carrier. Solution 2 can be seen as a subset of Solution 3 (FL comment: Explained under the comment for solution 3.)

	Sony
	Solution 2 that has no condition in processing both PDSCHs/PUSCHs would require high hardware complexity at the UE leading to slow introduction of this feature.


	Panasonic 
	Solution 2 is feasible for Scenario 2.
· Scenario 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-PUCCH are out of order.

	III
	Unless UE has the capability of parallel processing, at the cost of UE cost and restricted UE types, it is unlikely that all the UEs could be able to process both PDSCHs in out-of-order without any condition.  
FL comment: This is only true if PDSCHs of different capabilities are configured on the same carrier.

	Qualcomm
	Solution 2 does not address the UE pipelining issue when different timing capabilities are allowed on the same serving cell. Further, given that the case of two overlapping PDSCHs should be handled by the UE in any case, adopting solution 2 means that the UE is capable of handling the out-of-order scheduling even with different processing time capabilities, but the network is not allowed to gain from the scheduling flexibility that it can bring. 





	Company
	Solution 3

	Huawei, HiSi
	This solution imposes scheduling limitations to the gNB, and leads to reduced eMBB data rate and system efficiency.
UEs without this capability cannot serve eMBB and URLLC simultaneously.
Adding Scells for eMBB would introduce interruption, and impact URLLC latency.
· FL comment: The applicability of the issue raised here to Solution 3 needs to be discussed. It is not clear why adding more Scells does not impact other solutions.
Solution 3 along with solution 4-2 can further be considered.

	vivo
	A UE capability supporting to decode two PDSCHs is preferred in principle. However, to relax the burden to UE implementation, there should be some condition under which UE can decode both PDSCHs without any dropping. The condition is preferable not associated to dynamic resource allocation such that UE can split the processing units to process both PDSCHs with different processing timeline.

	Samsung
	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. 

	LGE
	Solution 3 can deal with the UE pipelining issue by reporting UE capability that indicates the number of CCs that the UE is capable of processing both the low and high priority PDSCHs simultaneously. One thing to be taken into account is the case where high priority traffic arrives after low priority traffic is scheduled already on more carriers than what the UE can handle in out-of-order manner. Even in this case, it would be desirable for gNB to schedule high priority traffic without sacrificing the latency. In this context, rather than not defining UE behavior when the condition is not met, it would be more beneficial to define some UE behavior (e.g., the UE only processes the high priority PDSCH and drops/terminates the processing of the low priority PDSCH on some cells).
FL Comment: Regarding the second part of the statement above, some conditions can be defined under Solution 4-2 instead.

	Intel
	It should be noted that even if a solution motivated by the idea behind solution 3 (resource sharing across CCs as an example) is pursued for enable certain UEs to not drop the first PDSCH in scenarios 1.1 or 1.2, there is no need to associate any notion of “priority” to the PDSCHs. The fundamental impact to pipelining comes from the consideration of mix of DL processing times within a serving cell. Thus, the only capability signaling framework needed would be indication of the number of serving cells the UE can support that may support a mix of Cap #1 and Cap #2 processing times for different PDSCHs. No further association of priority information is necessary or beneficial, including the lack of need for any (dynamic) explicit indication of a scheduled PDSCH as higher or lower priority, etc.
FL comment: It is true that the UE uses different baseband paths for supporting eMBB and URLLC. However, within each path, the transmissions should be in-order; otherwise, there still would be a pipeline issue. Hence, a way to indicate which PDSCH should be processed under which virtual carrier, and the rule to ensure that the PDSCHs of the same type/priority, are all scheduled in order is necessary.

	Nokia
	A UE with CA capability could support OoO HARQ-ACK without condition at a lower number of CCs or bandwidth as is the intention of solution 3. Assuming the UE capability signalling for solution 3 supports the case of indicating also that no restriction is needed (e.g. in terms of maximum number of CCs, same number of OoO HARQ CC and overall supported number of CCs indicated), solution 3 can also be used to indicate the capability of a solution 2 UE to the network. In that respect, solution 2 can be considered as a subset of solution 3.
FL comment: The following statement “overall supported number of CCs indicated” needs some clarification. 
With solution 3 alone, the network can only configure the UE with 2 CCs if it wants to enable OoO HARQ operation. This restriction condition of solution 3 limits the configuration flexibility of the network, because only a smaller number of CCs can be configured if OoO feature is to be used (e.g. the case 4 CCs and one of the CC with OoO cannot be configured/operated) which will dramatically limit the UE peak data rate.  

	Sony
	Solution 3 falls under Solution 4-2, where the condition that allows UE to process both PDSCHs/PUSCHs is based on the UE’s CA capability.

	Panasonic 
	UE can receive multiple PDSCH simultaneously if UE has for example CA capability. Although Solution 3 is reasonable approach just considering single TRP case, we should also take into account multi-TRP operation. We discussed the issue on PDSCHs scheduling with multiple PDCCH based multi-TRP transmission in our contribution [3]. If URLLC uses CA capability already, there is the situation that MIMO/multiple TRP cannot utilize the CA capability. If URLLC doesn’t use CA capability, MIMO/multiple TRPs can avoid the interaction to decoding capability related to URLLC. Therefore, our preference is CA capability is used for single carrier should be used for multiple TRPs instead of URLLC/eMBB combination case in single TRP.
· FL comment: Is it likely that the UE implements different solutions for the exact same problem?

	III
	This solution restricts the applicability of out-of-order scheduling to UE capability of CA. And it has uncertainty issue on the UE behaviour if gNB doesn’t follow UE reported conditions, which is known as error cases. Error cases caused by condition mismatch between gNB and UE will lead to failure decode of both channel if UE is not redirected to a fallback solution to mitigate the impact.    
FL comment: This is the case for every capability. If the UE is capable of X carriers in a BoBC, and gNB configures it with X+1 CCs, it is an error. If the UE supports up to 2 layers in a BoBC, and the gNB sets the maximum number of layers to 4, it is considered as an error, and so on. 
Another issue is that if UE is incapable of CA, out-of-order scheduling cannot be performed in any cases.

	Qualcomm
	Considering the “true” out-of-order scenario where channels with different processing timing capabilities can be mixed on the same serving cell, Solution 3 ensures that both the low and high priority channels are processed by the UE. 





	Company
	Solution 4

	Huawei, HiSilicon
	It is simple from UE implementation point of view. 
All carriers can always be used for eMBB and URLLC.
Solution 4-2 offers more flexibility and better eMBB performance that Solution 4-1. 
Solution 4-2 should be adopted.

	Samsung
	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.  
FL Comment: The main point that was discussed is that whether the gNB knows if a NAK is due to channel conditions or due to inability of the UE to decode the first PDSCH. Solution 3, 4-1 and 4-2 make the operation predictable. 

	LGE
	Solution 4 with alt 1 always assumes no processing of the low priority PDSCH so clearly it can be expected to have performance degradation of the low priority PDSCH, which should be avoided.
For Solution 4 with alt 2, can handle the UE pipelining issue while the UE implementation burden can be alleviated by properly defining some scheduling condition such as number of RBs, TBS, number of layers, and the gap between the two PUCCHs carrying HARQ-ACK.

	Intel
	Solution 4 is based on the assumption that at least under some cases, the first PDSCH is to be dropped, and further considers various options to (re-)define the “first PDSCH”. 
· It also suggests that additional processing time margin may be considered for the processing of the second PDSCH considering potential impact from the need to interrupt the processing of the first PDSCH. For this detail, it should be noted that such consideration may apply to all the four solution approaches. 
· FL comment: No dropping needed for Solution 2 and 3. Hence, timeline extension will not be needed. 
· On defining the “first PDSCH” that may be dropped, one option is to consider dropping of PDSCHs in other carriers. It remains unclear if and how it offers any material advantage to the UE or NW, especially considering that the UE can already process both PDSCHs, subject to any dropping conditions inherited from Rel-15 behavior.
 

	Nokia
	Solution 4-1 has an impact on eMBB traffic as it always drops the first PDSCH.

	Sony
	Solution 4-1 of always dropping the 1st PDSCH/PUSCH will lead to poor performance on eMBB service.
Since Solution 4-2 defines condition(s) where UE can process both PDSCHs/PUSCHs, it removes the uncertainty of Solution 1, does not face the hardware complexity of Solution 2 and does not suffer from poor eMBB performance as Solution 4-1.

	Panasonic 
	Simple solution but since it always mandates to drop the first PDSCH, performance degradation would be the issue. When CBG-based retransmission is operated, there might be possibility that some of CBGs could be ACK even if all PDSCH couldn’t be decoded in UE. Solution 4-1 cannot handle such situation.

Solution 4-2 will provide best performance, but implementation will be complex and there would be much specification impact to decide the conditions.

	III
	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 between UE and gNB, this solution allows UE to perform opportunistic low-priority data transmission.

	Qualcomm
	Since the UE does not process the low priority channel, the eMBB performance will be degraded. 



	Company
	Proposed Solution by Each Company

	Huawei, HiSilicon
	Solution 4-2 should be supported:
· No more than 136 RBs should be scheduled for SCS = 30KHz.
· The time gap between the PUCCH carrying HARQ for PDSCH#2 and the end of the PDSCH#1 is not smaller than N1_PDSCH#1 + N1_PDSCH#2.
 Solution 3 can be considered in addition.

	Ericsson
	In Rel. 16, define an advanced UE capability for processing two out-of-order PDSCHs without any scheduling restriction. If the UE is not capable, then a UE drop (terminates) the processing of the first PDSCH only in certain scheduling conditions or capability limitations. 
· The scheduling condition is a function of the gap between the two PDSCHs.
Dropping a PDSCH does not increase the minimum processing time of another PDSCH.

	vivo
	[bookmark: _Hlk17383639]Considering simple implementation and independence from scheduling condition, UE capability definition can based on the bandwidth of BWPs can be considered. Two alternatives on UE capability definition can be considered.
· Alternative 1: If bandwidth of all the configured DL BWPs is less than X on a serving cell, for OOO HARQ operation, UE can decode both PDSCHs. Otherwise, UE only decodes second PDSCH. X is reported by UE or fixed by spec. 
· Alternative 2: If bandwidth of the active DL BWP is less than X on a serving cell, for OOO HARQ operation, UE can decode both PDSCHs. Otherwise, UE only decodes second PDSCH. X is reported by UE or fixed by spec.

	ZTE
	Consider the following cases for Rel. 16:
· For two PDSCH, only consider the scenarios where the PDSCHs are at least overlapping in the time domain. Then, adopt a solution to handle the UE’s processing pipeline issue.
· Consider a case, where two PDSCHs are overlapping, followed with a third PDSCH assuming all PDSCHs follow the same minimum processing timeline capability.
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	MTK 
	Solution 2 should be adopted. 
This paper mentioned that MTK does not agree with the agreement made earlier that the number of out-of-order flows should be limited. 
As the gNB aware of the DL traffics’ priorities, RAN1 should adopt simple rule for intra-UE UL prioritization between dynamic grants, where the later scheduling DCI always override the previous one.


	Samsung
	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 
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. 


	LGE
	In case of out-of-order HARQ-ACK, solution 3 or solution 4 with alt 2 can be further considered.
· FFS whether UE behavior is defined in case the conditions are not satisfied if solution 3 is to be supported.
· FFS on scheduling condition (e.g., number of RBs, TBS, number of layers, and the gap between the two PUCCHs carrying HARQ-ACK) if solution 4 with alt 2 is to be supported.

	CATT
	On a given cell, if a first PDSCH associated with DL processing capability #1 is followed by a second PDSCH associated with DL processing capability #2, UE may skip decoding the first PDSCH if the gap between the end of the first PDSCH and the start of the second PDSCH is shorter than PDSCH processing time N1 symbols based on the first PDSCH.
On a given cell, if a first PDSCH associated with DL processing capability #1 is followed by a second PDSCH associated with DL processing capability #2, UE generates HARQ-ACK for both PDSCHs regardless whether UE decodes the PDSCH or not. UE shall generate NACK if UE skips decoding the PDSCH.
On a given cell, if a first PDSCH associated with DL processing capability #1 is followed by a second PDSCH associated with DL processing capability #2, the minimum PDSCH processing time of the second PDSCH is not increased when the UE drops the processing of the first PDSCH.

	Intel
	· 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.
· The UE only expects a maximum of one OOO PDSCH-to-HARQ-ACK flow on the active BWP of a given serving cell.
· The UE processes both the first and second PDSCHs as a UE capability (e.g., oOO-HARQ-ACK-processBoth) with no new condition
· A UE that does not indicate support of this capability may still support the capability of processing the second PDSCH in case of OOO HARQ-ACK and may drop processing of the first PDSCH (referred to here as oOO-HARQ-ACK-processSecond).
· For a UE indicating capability of oOO-HARQ-ACK-processBoth and pdsch-ProcessingType2-Limited, 
· for a DL BWP with 30 KHz SCS in a serving cell configured with Cap #2 timing, the UE may drop the processing of the first PDSCH if (i) the first PDSCH is scheduled with more than 136 PRBs and (ii) the second PDSCH, scheduled with no more than 136 PRBs, starts within 10 symbols from the end of the first PDSCH.

· A UE may be configured with Capability #2 DL processing timing enabled as well as additional DMRS for PDSCH in a same serving cell
· For PDSCHs of duration > 4 symbols, additional PDSCH DMRS are present and Capability #1-based DL processing times apply for the PDSCH. For other cases, Capability #2-based DL processing times apply (subject to any other condition).
· The UE may drop the processing of the first PDSCH if (i) the first PDSCH is scheduled with more than 4 symbols duration and (ii) the second PDSCH, scheduled with no more than 4 symbols duration, starts within 10 symbols from the end of the first PDSCH.
· Note: The two PDSCHs may be in-order or out-of-order w.r.t. their PDSCH-to-HARQ-ACK timelines.

	OPPO
	If priority indication is supported and configured in DL grant, UE does not expect the priority of the later PDSCH with earlier HARQ-ACK feedback is lower than the earlier PDSCH with later HARQ-ACK feedback.


	Nokia
	As compared to Solution 3, with OoO HARQ-ACK of solution 4-2, the UE would still be able to support its maximum supported number of carriers, but both PDSCHs can be processed only under certain scheduling conditions (e.g. some constraints on timing/delay of the second PDSCH or ACK/NACK). The gNB would rely on the knowledge of these scheduling conditions to make scheduling decisions (e.g. to avoid the case where the first PDSCH is not processed as much as possible). But the drawback of solution 4-2 clearly is, that the solution 4-2 scheduling conditions still would need to be satisfied when a smaller number of CCs is configured (e.g. 2 CCs) even though the UE would have the related processing power to support on this smaller number of CCs OoO HARQ-Ack without the scheduling condition (as in case of solution 3).
For such case, supporting solution 4-2 only would therefore unnecessarily impact URLLC latency and/or eMBB performance.
RAN1 should specify a hybrid solution combining solution 3 and solution 4 alternative 2 for the support of out-of-order HARQ-ACK for two non-overlapping PDSCHs. If the restriction condition(s) of the solution 3 capability are fulfilled, the UE will process both PDSCHs without any further conditions. Otherwise, the solution 4-2 scheduling conditions apply.
On dropping the processing of the first PDSCH in Solution 4, support dropping the processing of the first PDSCH on the same serving cell only.

	Sony
	Use Solution 4-2, i.e. the UE can process both PDSCHs/PUSCHs under some defined condition(s). 
For an Out-of-Order HARQ-ACK for PDSCH scheduling where a 1st PDSCH is scheduled before a 2nd PDSCH and the 1st HARQ-ACK for the 1st PDSCH is transmitted after the 2nd HARQ-ACK for the 2nd PDSCH, the UE can process both PDSCHs if:
· The time T0 between the end of 1st PDSCH and the start of the 2nd PDSCH is above a threshold TP.
· The time T1 between the end of the 2nd PDSCH and the start of the 1st HARQ-ACK is above a threshold TD.
· If UE is capable of partially process a PDSCH and store it to process the remaining part, then the time criterion is T0+T1≥2N1.
Otherwise drop the 1st PDSCH.

	Panasonic 
	For out-of-order HARQ-ACK, Solution 1 should be supported for Scenario 1 and 3, while Solution 2 is supported for Scenario 2.
For Solution 1, the UE always processes the second PDSCH. The UE may skip decoding a transport block of the first channel.
NACK should be provided for HARQ-ACK codebook construction in case UE skip decoding a transport block of the first channel.
Although priority based on the order in time is one possibility, we think there are some scenarios to be considered whether the order in time can be still workable or not. For example, potential scenarios would be partial time overlap between CORESETs, CA with different numerologies, and analogue beamforming case. For partial time overlapped CORESETs and CA with different numerologies, which DCI is later should be clarified. Analogue beamforming case limits which CORESET to schedule DCI. Assuming such complex scenarios, we think to have the priority indication is simpler.

Priority indication is introduced for PDSCH scheduling.

	Sharp
	[bookmark: _Hlk7611344]For scenarios in which the UE processing pipelining issue need to be addressed, solution 4 with Alt2 is preferred solution. 
· For two non-overlapping PDSCHs, the scheduling conditions can be defined as whether time interval between the first PDSCH and second PDSCH exceed a processing time of first PDSCH. The specific value is FFS.
· For two overlapping PDSCHs, the scheduling conditions can be defined as whether two PDSCHs are overlapping or not.

	III
	Solution 4-2 is preferred for supporting the first scenario.
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.
Solution 4-1 is preferred for supporting the third scenario.
· FL comment: The argument here is that when two PDSCHs are overlapping, the pipeline issue is worse than OOO HARQ with non-overlapping PDSCHs. 

	Motorola, Lenovo
	Support indicating two PUCCH resources for HARQ-ACK feedback of a PDSCH to allow a UE to delay PDSCH decoding and HARQ-ACK transmission.
If the UE decides to skip decoding of the first PDSCH and has not processed much the received OFDM symbols of the first PDSCH for demodulation, the UE may treat the DCI of the first PDSCH as a missed or invalid DCI format and not update the soft buffer. Alternatively, if the UE has already generated useful/meaningful LLRs for some or all of channel bits (even though UE does not proceed decoding), then it may be better to use them later for decoding of a re-transmitted transport block rather than completely discarding them. Thus, whether to update the soft buffer for the first PDSCH that the UE skips decoding can be left up to UE implementation.

	NTT DOCOMO
	Support solution 4-2 for case 1 and case 3.
Support solution 2 for case 2.
Support enhancements on dynamic switching between UE processing capabilities. 
· Which processing capability to be used depends on the traffic priority.
· Discuss together with intra-UE multiplexing and UCI enhancements AIs on how to determine the priority.

	Qualcomm
	For supporting the out-of-order operation, while allowing for different minimum processing timing capabilities on the same carrier, Solution 2 is not supported. 
To support the out-of-order HARQ and uplink scheduling in Rel. 16, the UE indicates the number of CCs that can be supported for low priority channels and the number of CCs that can be supported for high priority channels. The channels associated with different priorities can be scheduled in an out-of-order fashion, but the channels of the same priorities should be kept in order. The UE processes both the low priority and the high priority channels without dropping except for the case that two PUSCHs are overlapping.



Based on the proposals presented by the companies, we have the following:
· Solution 1: 3 companies (ZTE, Samsung and Panasonic)
· Solution 2: 5 companies (MTK, Samsung, Intel, Panasonic, DCM)
· Solution 3: 4 companies (vivo, LGE, DCM and Qualcomm)
· Solution 4-1: 1 company (III)
· Solution 4-2: 9 companies (Huawei/HiSi, LGE, CATT, Intel, Sony, Sharp, III, DCM)
· Both Solution 3 and 4-2: 5 companies (Huawei/HiSi, Ericsson, LGE, Nokia, InterDigital)

In order to allow for UE’s with different capabilities to support out-of-order HARQ operation, further discuss the following proposal during RAN1 #98:
[bookmark: _Hlk17650933]Proposal #2: For supporting traffics of different types in the downlink, the UE reports the following capabilities for each band in a given band combination separately:
· For (i) high priority and for low priority PDSCHs concurrently on the same carrier, (ii) the low priority PDSCH only, and (iii) the high priority PDSCH only, the UE reports separately:
· Alt1:Maximum number of carriers 
· Alt2: Maximum BW/#RBs
· Note: Either Alt1 or Alt2 will be applicable to (i)-(iii)
· For (i), considering the PDSCHs are non-overlapping, whether the UE:
1) Supports a mixed of different minimum processing timeline capabilities on the same carrier, while dropping of the low priority PDSCH is needed under some conditions.
i. FFS: the scheduling conditions 
2) Supports a mixed of different minimum processing timeline capabilities on the same carrier, while the UE processes all PDSCHs without any dropping.
· Note: The number of carriers or BW/#RBs for supporting the high and low priority PDSCHs could be reported differently based on whether the UE reports (1) or (2).
· Note: The UE capable of (1) and/or (2) is also capabale of supporting out-of-order HARQ, with non-overlapping PDSCHs, if a single minimum processing timeline capability is configured on a carrier.
Out-of-Order PDCCH-to-PUSCH 
	Company
	Proposed Solution by Each Company

	Ericsson
	Similar approach as proposed for out-of-order scheduling in the downlink can be adopted.

	vivo
	The UE capability similar to the one proposed for handling out-of-order HARQ, under Solution 3, is proposed. Further, in case the two PUSCHs are overlapping in the time-domain:
· [bookmark: _Hlk17383749]The PUSCH scheduled by second UL grant is prioritized over the PUSCH scheduled by the first UL grant.  
· The PUSCH scheduled by the first UL grant is dropped partially starting from the 1st symbol that has colliding transmission for the two PUSCHs. 

	ZTE
	Adopt either Solution 1 or 2 for out-of-order PUSCH scheduling.
Solution 2 means that the UE reports a capability to gNB about whether it can transmit two PUSCH in parallel. For a UE with the capability, the UE should transmit the two PUSCH and gNB always tries to decode both PUSCH. For a UE without the capability, the UE always drops the first scheduled PUSCH and gNB always ignores the decoding of the first scheduled PUSCH.
· FL comment: That is not the case. The capability mentioned under Solution 2 for out-of-order PUSCH is similar to that for out-of-order HARQ scheduling, i.e., the UE can buffer the low priority PUSCH and sent it at a later time indicated by the grant. No capability for parallel PUSCH transmissions has been discussed. 
If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain and the first scheduled PUSCH has started transmission, define the ending symbol from where the UE should stop transmission of the first PUSCH.

	MTK 
	For NR Rel-16, support out-or-order UL scheduling with the following condition:
· If the PDCCH scheduling the earlier PUSCH is within X symbols of the PDCCH that scheduled the later PUSCH, the UE may skip transmitting the earlier scheduled PUSCH. FFS the value of X
· The timing gap condition should be adopted under Solution 2 or under Solution 4, Alt-2.
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FL Comment: Given that this paper proposes that different processing timeline capabilities should not be allowed on the same serving cell, it is not clear why any condition is needed. Please elaborate.
This paper mentioned that MTK does not agree with the agreement made earlier that the number of out-of-order flows should be limited.  
As the gNB aware of the DL traffics’ priorities, RAN1 should adopt simple rule for intra-UE UL prioritization between dynamic grants, where the later scheduling DCI always override the previous one.


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

	LGE
	In case of out-of-order PUSCH scheduling, solution 3 or solution 4 with alt 2 can be further considered.
· FFS whether UE behavior is defined in case the conditions are not satisfied if solution 3 is to be supported.
· FFS on scheduling condition (e.g., number of RBs, TBS, number of layers, and the gap between the two PUSCHs) if solution 4 with alt 2 is to be supported.
· FFS on how to handle UCI of the first scheduled PUSCH if the PUSCH is dropped/terminated/skipped.

	CATT
	For out-of-order non-overlapping PUSCH, for a first PUSCH scheduled by an earlier DCI and a second PUSCH scheduled by a latter DCI, UE transmits the second PUSCH and omits transmitting the first PUSCH if the gap between the end of the second PUSCH and the start of the first PUSCH is shorter than PUSCH preparation time N2 symbols based on the first PUSCH.



	Intel
	· 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 end 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. Under the condition that the two PUSCHs do not overlap in time:
· The UE only expects a maximum of one OOO PDCCH-to-PUSCH flow on the active BWP of a given serving cell.
· The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability (e.g., oOO-PUSCH-processBoth) with no new condition (Solution 2).
· A UE that does not indicate support of this capability may still support the capability of processing the second UL grant and transmit the corresponding PUSCH in case of OOO PUSCH scheduling and may drop transmission of the first PUSCH (referred to here as oOO-PUSCH-processSecond).

· 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 end 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. Under the condition that the two PUSCHs have time-domain overlaps:
· The UE processes the second scheduled PUSCH and drops the processing of the first scheduled PUSCH on the same serving cell.

	OPPO
	If priority indication is supported and configured in UL grant, UE does not expect the priority of the earlier PUSCH with later UL grant is lower than the later PUSCH with earlier UL grant.
When a second PUSCH starting earlier than the first PUSCH is scheduled by a PDCCH later the PDCCH scheduling the first PUSCH, the UE always processes the second PUSCH, and the UE may or may not transmit the first channel if no preemption indication to the first PUSCH is received.

	Nokia
	For the support of out-of-order PUSCH scheduling, consider further solutions 2, 3 and 4-2 taking into account the potential pipelining impact.
On dropping the processing of the first PUSCH in Solution 4, support dropping the processing of the first PUSCH on the same serving cell only.
Support out-of-order scheduling only for the case two PUSCHs are associated with the same PUSCH processing capability. 
When the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, the UE stops the transmission of the first scheduled PUSCH starting from the first symbol of the high priority PUSCH transmission.

	Sony
	For an Out-of-Order PUSCH scheduling where a 1st UL Grant schedules a 1st PUSCH and a 2nd UL Grant schedules a 2nd PUSCH and the 1st UL Grant is sent before the 2nd UL Grant but the 1st PUSCH is transmitted after the 2nd PUSCH.  The UE can prepare and transmit both PUSCHs if the time between the end of the 1st UL Grant and the start of the 1st PUSCH is greater than a threshold.  Otherwise the UE drops the 1st PUSCH.

	Panasonic 
	For out-of-order PUSCH, Solution 1 should be considered.
Regardless of grant type (dynamic grant/configured grant), following UE behaviour for UL prioritization is supported.
· When possible, MAC selects between grants, and then passes only the selected MAC PDU to PHY. The exact condition of “when possible” is up to UE implementation.
· If not possible, MAC generates a MAC PDU for each grant and passes them to PHY. 
UE MAC determines UL-SCH priority based on the highest priority of logical channel in the MAC PDU. UE MAC delivers the MAC PDU along with the UL-SCH priority information to PHY.

	Sharp
	For out-of-order PUSCH scheduling, if two scheduled PUSCHs are not overlapping in time-domain, solution 4 with Alt2 is preferred. 
· The scheduling conditions can be defined as whether time interval between the first PDCCH and corresponding first PUSCH can accommodate the preparation time of both second PUSCH and first PUSCH.



FL comment: In this meeting, the main focus will be on the DL issues in order to conclude the discussion from the previous meetings. If time allows, potential agreements for uplink scheduling will be discussed.
Handling Collision between Two Unicast PDSCHs 
	Company
	Proposed Solution by Each Company

	Huawei, HiSi
	Case 1: Overlapping only in time-domain:
· Adopt solution 4-2 assuming the time-gap between the PUCCH carrying HARQ for PDSCH B and the end of the whole TB or subset CBGs of PDSCH A is not smaller than “N1_PDSCH A+N1_PDSCH B”.
Case 2: Overlapping in both the time and frequency domains:
· The UE has to process the high priority PDSCH and drop the low priority PDSCH.

	Ericsson 
	The same solution as for the case of out-of-order HARQ can be adopted.
Further, it is proposed to confirm the working assumption on reporting HARQ-ACK as follows: For out-of-order HARQ-ACK with either overlapping PDSCHs or non-overlapping PDSCHs, the UE generates HARQ-ACK for both of the PDSCHs.
In case the UE is capable of decoding both PDSCHs, and if the resources are overlapping, then the earlier PDSCH processing must not include the punctured part belonging to the later PDSCH.

	vivo
	Based on Solution 3, the following behaviour is proposed:
· A UE decodes two unicast PDSCH (subject to UE capability) when 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.
· [bookmark: _Hlk17383856]When the two unicast PDSCHs overlap in both time and frequency domain and UE supports simultaneously receiving two overlapping PDSCHs, a UE assumes the first scheduled PDSCH in overlapping frequency domain is preempted.

	MTK
	For the case of two unicast PDSCH, overlapping in the time domain, the later scheduling DCI should always override the previous one as it should have the highest priority.
As the gNB aware of the DL traffics’ priorities, RAN1 should adopt simple rule for intra-UE UL prioritization between dynamic grants, where the later scheduling DCI always override the previous one.

	Samsung
	The working assumption related to HARQ-ACK generation for both overlapping PDSCHs should be confirmed. 

	LGE
	In case of resource conflicts between two dynamic scheduled PDSCHs in time
· Under scenario 1-1, a UE processes both dynamic scheduled PDSCHs if the UE is capable of decoding two overlapped PDSCHs or the scheduling condition is met; otherwise the UE drops/terminates/skips the processing of the low priority PDSCH and processes the high priority PDSCH.
· [bookmark: _Hlk17383076]Under scenario 1-2, the UE drops/terminates/skips the processing of the low priority PDSCH and processes the high priority PDSCH.
FL comment: With the same capability for decoding two PDSCHs under scenario 1-1, the UE can try to decode two PDSCHs under scenario 1-2.

	CATT
	For overlapping PDSCHs, select one option from 1) UE may skip decoding the low priority PDSCH and UE does not buffer the low priority PDSCH data if the PDSCH is not successfully decoded and 2) UE always skips decoding the low priority PDSCH if UE is not capable of processing two PDSCHs overlap in time.

	Intel
	The handling of the case wherein the UE is not able to receive and process more than one unicast PDSCH simultaneously is prioritized.
Further consideration on simultaneous reception of multiple PDSCHs as an optional UE capability within eURLLC WI is deferred until further clarity is achieved within eMIMO WI on related issue.
A UE identifies that second PDSCH is prioritized over first PDSCH based on timeline of occurrence, i.e., based on some rules satisfied. Hence, in our opinion, PHY differentiation by explicit L1 indication is not necessary for identification of priority for processing overlapping PDSCHs. 
In case of DL data/data resource conflicts for overlapping PDSCHs in time-domain for both Scenarios 1-1 and 1-2, scheduled by dynamic DL assignments, UE prioritizes the second scheduled PDSCH and may terminate the processing of the earlier scheduled PDSCH.
· The UE shall generate a NACK if the processing of the first scheduled PDSCH is terminated.
· The UE is not expected to receive the first scheduled PDSCH from the starting symbol of the time-domain overlap.

	OPPO
	When multiple PDSCHs are scheduled with time-domain overlapping, the UE shall decode the PDSCH with highest priority, and the UE may or may not decode/buffer the PDSCH with lower priority based on UE implementation, if no preemption indication to the PDSCH with lower priority is received.
If the overlapped PDSCHs correspond to separate HARQ-ACK codebooks or one Type-2 HARQ-ACK codebook, the UE generates HARQ-ACK for each of the overlapped PDSCHs.

	Nokia
	Simultaneous processing of two PDSCHs overlapping in time for scenario 1-1 is introduced as a UE capability. 
· Note that the capability signalling can potentially be shared with the capability signalling for solution 3 for OoO HARQ-ACK, if solution 3 is agreed.
RAN1 should specify UE behaviors depending on UE capability and the two overlapping scenarios as follows:
· For a UE with the capability of handling two PDSCHs in parallel in scenario 1-1, the UE receives and processes both PDSCHs.
For a UE in scenario 1-2, or for a UE without the capability of handling two PDSCHs in parallel in scenarios 1-1, from the starting symbol of the high priority PDSCH, the UE is not expected to receive the low priority PDSCH.

The later DL assignment has higher priority than the earlier DL assignment in case a UE receives two DL assignments that indicate PDSCH resource allocations overlapping in time and the UE can only process one of them.
In case the HARQ-ACK bits for the two overlapping PDSCHs are associated with the same HARQ-ACK codebook, the working assumption of “generates HARQ-ACK for both the PDSCHs” is only applicable to dynamic Type-2 HARQ-ACK codebook, and the UE would only generate HARQ-ACK for the high priority PDSCH in case with semi-static HARQ-ACK codebook. 

	Sony
	In the case where two intra-UE PDSCHs overlap in the time domain but not in the frequency domain, the UE can process both PDSCHs if the time M1 between the end of the last PDSCH’s transmission and the start of the last HARQ-ACK is greater than a threshold.  Otherwise the UE drops the PDSCH scheduled by the earlier DL grant.  This threshold is dependent upon UE capabilities and the threshold can be defined in the specifications.
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The UE provides HARQ-ACK for two overlapping PDSCHs if these PDSCHs are associated with different PUCCHs or HARQ-ACK codebooks.  Otherwise, the UE provides HARQ-ACK only for the PDSCH scheduled by the later DL grant.

	InterDigital
	Support a DCI-based priority indication for PDSCH processing.
A UE can report a maximum number of PDSCHs that can be processed in parallel for each type of processing capability (capability 1 or capability 2).
A UE can be configured to enable parallel PDSCH processing on a serving cell, where one PDSCH follows capability 1 and a second PDSCH follows capability 2.
A UE configured for parallel PDSCH processing on a serving cell always processes a PDSCH on resources not overlapping with a higher priority PDSCH.

	Sharp
	For scenarios in which the UE processing pipelining issue need to be addressed, solution 4 with Alt2 is preferred solution. 
· For two non-overlapping PDSCHs, the scheduling conditions can be defined as whether time interval between the first PDSCH and second PDSCH exceed a processing time of first PDSCH. The specific value is FFS.
For two overlapping PDSCHs, the scheduling conditions can be defined as whether two PDSCHs are overlapping or not.

	NTT DOCOMO
	Reuse priority identification scheme which is being discussed in UCI enhancements for URLLC.
· UE should flush its buffer for deprioritized PDSCH.
· UE shall provide HARQ-ACK feedback for all the prioritized and deprioritized PDSCHs. 

	Qualcomm 
	To enable the UE to process all PDSCHs without dropping, the UE indicates the number of CCs that can be supported for low priority PDSCHs and the number of CCs that can be supported for high priority PDSCHs as a capability. 
To enable the UE to process all PDSCHs without dropping, the priority of PDSCHs are indicated at the PHY layer. Only PDSCHs of different priorities can be allowed to be overlapping, i.e., within the same priority, PDSCHs are all in order. 



Regarding whether a UE has to generate HARQ-ACK for both overlapping PDSCHs or not, the companies responded as:
· Yes: 5 companies (Ericsson, Samsung, Intel, DOCOMO and Qualcomm)
· Yes only when the PDSCHs bits are associated with different HARQ-ACK codebooks or when Type-2 codebook is configured: 2 companies (OPPO, Nokia, Sony)
FL recommendation: Further discuss whether the PDSCHs associated with the same HARQ-ACK codebook can be overlapping or not during RAN1 #98.
Proposal #3: Confirm the following working assumption “When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.”
Based on the views shared by the companies, it should first be discussed if it is beneficial to define a capability under which a UE can process both overlapping PDSCHs without dropping.
Observation 1-1: For a UE supporting different traffic types, it is beneficial to define a capability under which a UE can process both overlapping PDSCHs without dropping.
Observation 1-2: For a UE supporting different traffic types, it is not required to define a capability under which a UE can process both overlapping PDSCHs without dropping. 
The companies views on handling the collision between two unicast PDSCHs with different priorities are summarized below:
· Solution 1: CATT, Intel, OPPO (3 companies)
· Solution 3: vivo, Qualcomm (2 companies)
· Solution 4-1: MTK and CATT (2 companies)
· Solution 4-2: Huawei/HiSi, Sony, Sharp (3 companies)
· Solution 3 and 4-2: Ericsson, LGE and Nokia, InterDigital (4 companies)
In case Observation 1-1 is agreed, the following proposal can be further discussed:
Proposal #4: For handling two overlapping unicast PDSCHs, the UE reports the following capabilities for each band in a band combination:
1. Whether the UE processes both PDSCHs without dropping. If yes, the UE reports Alt1 or Alt2 for the high priority PDSCH and low priority PDSCH separately.
· Alt1:Maximum number of carriers 
· Alt2: Maximum BW/#RBs
· FFS whether (1) capability is signalled separately for Scenario 1-1 and 1-2 
· FFS whether the processing of both PDSCHs under Scenario 1-2 is supported.
2. Whether the UE handles processing two PDSCHs with dropping under some conditions. If yes, the UE reports Alt1 or Alt2 for the high priority PDSCH and low priority PDSCH separately.
· Alt1:Maximum number of carriers 
· Alt2: Maximum BW/#RBs
· Note: Under Scenario 1-2, the UE always drops the low priority PDSCH
· Note: Under Scenario 1-1, if no scheduling condition is identified, then the UE always drops the low priority PDSCH. 
Additional Aspects:
TPC Accumulation under the Out-of-Order Uplink 
DOCOMO:
This paper argues that with out-of-order operation, some of the TPCs may be outdated, and proposes to consider TPC overwriting to handle the issue.
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· Overwriting TPC should be considered for out-of-order of PUSCH scheduling
· UE may transmit first scheduled PUSCH with more up-to-date TPC to second scheduled PUSCH.

TPC accumulation with different adjustment state for different traffics should be supported in case of eMBB/URLLC multiplexing regardless of whether OOO happens
TPC command for eMBB traffic should be accumulated for both eMBB and URLLC traffic, while TPC command for URLLC traffic should be accumulated only for URLLC traffic.

Qualcomm
In this paper, it is discussed that if transmissions are out of order, following the TPC accumulation scheme of NR Rel. 15, there will be multiple accumulators per state and some TPCs will be double counted.


An example of out-of-order PUSCH scheduling.
To fix these issues, it is proposed that:
· The TPC accumulation of NR Rel. 15 is performed across the channels of the same priority, where the channel priority is given by a physical layer indication.

Nokia:
This paper argues that there is no issue with TPC accumulation even when PUSCHs are out of order. The reason is that the TPC accumulation is based on the PDCCH orders, which are always in order.
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Example of in order TPC commands accumulation.
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Example of out-of-order TPC commands accumulation.
InterDigital:
When HARQ-ACK or PUSCH are scheduled out-of-order, application of closed-loop TPC adjustments do not work as intended, resulting in unwanted excessive adjustments for PUCCH or PUSCH transmissions scheduled with a longer delay.
The PUCCH power control adjustment state is specific to the priority level of the carried HARQ-ACK/SR.
The PUSCH power control adjustment state is specific to the priority level of PUSCH.

Enhancements for DLPI
In [3] and [4], one drawback of the Rel. 15 NR DLPI design is mentioned. In particular, in Rel. 15, the PI is applicable to all PDSCHs in-between two DLPI monitoring occasions; however, if the UE is supporting two different traffic types, e.g., URLLC and eMBB, DLPI should not be applied to URLLC PDSCHs. 
For addressing this issue, physical layer priority indication is needed. 
Proposal: For Rel-16 URLLC UE, if URLLC/eMBB identification is introduced in physical layer, the URLLC traffic transmission of the UE which is monitoring DL PI should be excluded from the data flushing that is triggered by the DL PI.
Proposal: Priority indicator in DCI is supported in Rel. 16.
New Rate-Matching Behavior for PDSCH/PDCCH Collision 
In [4], the issue of scheduling a second, more urgent, transmission via a second PDCCH is investigated, and the cases depicted in the figure below are identified:
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Figure 2: Intra-UE DL prioritization cases with PDCCH.
As shown in the figure, the second PDCCH or the second PDSCH may overlap with the first PDSCH. For these cases, it is proposed that:
Proposal: Rel. 16 supports rate-matching or puncturing rules for PDSCH w.r.t. received PDCCHs that did not schedule the PDSCH.
Additional Topics and Proposals 
In this Section, the additional proposls and topics brought up by companies are summarized.
PHY-Layer Differentiation for DL-PI
To make sure that the UE supports both URLLC and eMBB does not flush its buffer associated with URLLC, a PHY-layer differentiation to indicate the priority of the PDSCHs should be introduced [HW].
Timeline for UCI Multiplexing 
As mentioned in [5], in Rel-15, HARQ-ACK corresponding to the first and second PDSCHs are multiplexed in the resource indicated by DCI scheduling the second PDSCH, as long as the end of second DCI is no less than the corresponding UE minimum PDSCH processing times (N3) from the start of the first indicated PUCCH resource, as shown in the figure below. 
Considering the latency reduction, for different DL processing times associated with different PDSCHs, at least capability #2 can used to determine N3 value for multiplexing two HARQ-ACK of PDSCHs. 
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Proposal: For different DL processing times associated with different PDSCHs, at least capability #2 processing time can used to determine N3 value for multiplexing two HARQ-ACK of PDSCHs.

Non-Periodic Scheduling Request Tranmission
In [7], a non-periodic SR transmission method for reducing the SR alignment latency and SR bandwidth overhead is proposed. The main idea is to spread the SR bit transmission over a wide bandwidth at a lower power density either using direct sequence spread spectrum method or via generating ZC sequences.
Proposal: The NP-SR design described above should be considered for NR Release 16.
Out-of-order under PDSCH/PUSCH Repetitions 
In [9], it is mentioned that the definition of out-of-order HARQ and PUSCH should be clarified when repetition is allowed as shown in the figures below:
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Summary of Companies’ Proposals  
	Huawei/HiSilicon
	Proposal 1: When all PDSCHs follow the same UE processing time capability, out-of-order PDSCH-to-PUCCHs is supported in Rel-16 and no channel is dropped, i.e. Solution 2 is adopted.
Proposal 2: If in-order scheduling with two processing time capabilities shall be allowed 15 kHz and 60 kHz SCS within one BWP, RAN1 should:
· For 15 kHz, 60 kHz: Define scheduling conditions that allow the UE to process two PDSCHs that follow different processing timelines
Proposal 3: If two processing time capabilities are supported in the same BWP, one unified solution that addresses in-order and out-of-order HARQ shall be defined. 
Proposal 4: Adopt Solution 4-2 for processing with two processing time capabilities on the same BWP in the same cell.
Proposal 5: The following scheduling conditions of Solution 4-2 should be considered in case of OOO-HARQ. 
· Not more than 136 PRBs are scheduled for 30kHz SCS
· The time-gap between the PUCCH carrying HARQ for PDSCH B and the end of the whole TB or subset CBGs of PDSCH A is not smaller than “N1_PDSCH A+N1_PDSCH B”. 
· FFS, other conditions 
Proposal 6: The following scheduling conditions should be considered in scenario 1-1. 
· The time-gap between the PUCCH carrying HARQ for PDSCH B and the end of the whole TB or subset CBGs of PDSCH A is not smaller than “N1_PDSCH A+N1_PDSCH B”. 
· FFS, other conditions
Proposal 7: For scenario 1-2, UE should process PDSCH with high priority, and drop PDSCH with low priority.
Proposal 8: For Rel-16 URLLC UE, if URLLC/eMBB identification is introduced in physical layer, the URLLC traffic transmission of the UE which is monitoring DL PI should be excluded from the data flushing that is triggered by the DL PI.



	Ericsson
	Proposal 1	In case of intra UE PDSCH prioritization, a new feature is defined for enabling the processing of both PDSCHs. A UE without this capability is assumed not to process the lower priority PDSCH.
Proposal 2	The PDSCHs with different capabilities can be processed without impacting their pipelines if they are spaced apart with at least symbols x. FFS for x.
Proposal 3	Rel-16 UE with advanced capability should be able to process first and second PDSCHs without any scheduling limitations, otherwise, a UE drops (terminates) the processing of the first PDSCH only in certain scheduling conditions or capability limitations.
Proposal 4	For out-of-order HARQ-ACK operation, when UE drops the first PDSCH, no additional delay is considered (d=0).
Proposal 5	For out-of-order HARQ-ACK operation, retransmission of dropped PDSCH takes place according to Rel-15 specifications.
Proposal 6	Rel-16 supports rate-matching or puncturing rules for a PDSCH w.r.t received PDCCHs that did not schedule the PDSCH.
Proposal 7	Consider enhanced CORESET with dynamic allocation relative to the allocation of a PDSCH.
Proposal 8	Consider solutions to resolve the issue when later PDCCH overlaps with the earlier PDSCH.
Proposal 9	Priority indicator in DCI is supported in Rel-16.
Proposal 10	For out-of-order HARQ-ACK, confirm the Working Assumption with modification: For out-of-order HARQ-ACK with either overlapping PDSCHs or non-overlapping PDSCHs, the UE generates HARQ-ACK for both of the PDSCHs.
Proposal 11	If UE processes the earlier PDSCH overlapping (punctured) with later PDSCH, then the earlier PDSCH processing must not include the punctured part belonging to later PDSCH.
Proposal 12	A similar approach to out-of-order operation in downlink can be considered for out-of-order PUSCH operation.




	vivo
	Proposal 1: It can be supported when the same DL processing time is configured on the same serving cell, and two PDSCHs are non-overlapping, and the PDSCH-to-PUCCHs are out of order.
Proposal 2: It can be supported when the different DL processing times are associated with different PDSCHs on the same serving cell, and the two PDSCHs are non-overlapping.
Proposal 3: For different DL processing times associated with different PDSCHs, at least capability #2 processing time can used to determine N3 value for multiplexing two HARQ-ACK of PDSCHs.
Proposal 4: UE capabilities definition based on the bandwidth of BWPs can be considered for decoding two non-overlapping PDSCHs with different DL processing times.
· Alternative 1: If bandwidth of all the configured DL BWPs is less than X on a serving cell, UE can decode both PDSCHs. Otherwise, UE only decodes second PDSCH. 
· Alternative 2: If bandwidth of the active DL BWP is less than X on a serving cell, UE can decode both PDSCHs. Otherwise, UE only decodes second PDSCH. 
·  X is reported by UE or fixed by spec.
Proposal 5: 
· It can be supported for a UE to decode two unicast PDSCH (subject to UE capability) when 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.
· When the two unicast PDSCHs overlap in both time and frequency domain and UE supports simultaneously receiving two overlapping PDSCHs, UE assumes the first scheduled PDSCH in overlapping frequency domain is preempted
Proposal 6: UE capabilities definition based on the bandwidth of BWPs for handling two non-overlapping PUSCHs.
· Alternative 1: If bandwidth of all the configured UL BWPs is less than X on a serving cell, UE can transmit both PUSCHs. Otherwise, UE only transmit PUSCH scheduled by second grant. 
· Alternative 2: If bandwidth of the active UL BWP is less than X on a serving cell, UE can transmit both PUSCHs. Otherwise, UE transmit PUSCH scheduled by second grant. 
· X is reported by UE or fixed by spec.
Proposal 7: When PUSCH scheduled by the first and second UL grant are overlapping in the time domain,
· The PUSCH scheduled by second UL grant is prioritized over the PUSCH scheduled by the first UL grant.  
· The PUSCH scheduled by the first UL grant is dropped partially starting from the 1st symbol that has colliding transmission for the two PUSCHs.



	ZTE
	Proposal 1: Do not study Scenario 1 for the handling of two unicast PDSCHs, where Scenario 1 is defined as,
· different DL processing times are associated with different PDSCHs on the same serving cell and the two PDSCHs are non-overlapping. 
Proposal 2: Do not study Scenario 2 for the handling of two unicast PDSCHs, where Scenario 2 is defined as,
· 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
Proposal 3: Further study Scenario 3 for the handling of two unicast PDSCHs, where Scenario 3 is defined as,
· 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. 
Proposal 4: Further study whether/how to support Scenario 4 for the handling of two unicast PDSCHs, where Scenario 4 is defined as,
· three consecutive PDSCHs, in which the first two PDSCHs overlap at least in the time domain and non-overlap with the third PDSCH.  
· Note, it depends on whether Solution 4-2 is supported or not. 
Proposal 5: Solution 1 should be supported to define UE behavior for out-of-order HARQ-ACK scheduling.
Proposal 6: No need to specify that out-of-order operation is allowed or not across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.
Proposal 7: Solution 1 or Solution 2 can be supported for out-of-order PUSCH scheduling.
Proposal 8: No need to specify that out-of-order operation is allowed or not across PUSCHs with PDCCH-to-PUSCH gap compatible with PUSCH processing time (N2) for capability X.
Proposal 9: If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain and the first scheduled PUSCH has started transmission, define the ending symbol from where the UE should stop transmission of the first PUSCH.
Proposal 10: FFS the handling of UCI on the dropped PUSCH.




	INL
	Proposal: The NP-SR design described above should be considered for NR Release 16.




	MediaTek
	Proposal 1: Scenario 1 is not needed and should be removed from the list of considered scenarios.
Proposal 2: For Scenario 2, support Solution 2 where the out-of-order HARQ feedback without additional restrictions should be adopted.
Proposal 3: For Scenario 3, the later scheduling DCI should always override the previous one as it should have the highest priority.
Proposal 4: Solution 1 is not considered further in this WI. 
Proposal 5: For NR Rel-16, support out-or-order UL scheduling with the following condition;
· If the PDCCH scheduling the earlier PUSCH is within X symbols of the PDCCH that scheduled the later PUSCH, the UE may skip transmitting the earlier scheduled PUSCH. FFS the value of X
Proposal 6: The timing gap condition should be adopted under Solution 2 or under Solution 4, Alt-2. 
Proposal 7: Solution 1 is not considered further in this WI. 
Proposal 8: Restriction on the maximum number of OOO PDCCH-to-PUSCH and OOO PDCCH-to-PUSCH flows the UE needs to handle on the active BWP of a given serving cell is not needed. 
Proposal 9: Any adopted solution should be defined as an optional feature or as a UE capability. 
Proposal 10: As the gNB aware of the DL traffics’ priorities, RAN1 should adopt simple rule for intra-UE UL prioritization between dynamic grants, where the later scheduling DCI always override the previous one.




	Samsung
	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. 




	LGE
	[bookmark: _Hlk17383180]Proposal 1: In case of out-of-order HARQ-ACK, solution 3 or solution 4 with alt 2 can be further considered.
· FFS whether UE behavior is defined in case the conditions are not satisfied if solution 3 is to be supported.
· FFS on scheduling condition (e.g., number of RBs, TBS, number of layers, and the gap between the two PUCCHs carrying HARQ-ACK) if solution 4 with alt 2 is to be supported.
Proposal 2: In case of out-of-order PUSCH scheduling, solution 3 or solution 4 with alt 2 can be further considered.
· FFS whether UE behavior is defined in case the conditions are not satisfied if solution 3 is to be supported.
· FFS on scheduling condition (e.g., number of RBs, TBS, number of layers, and the gap between the two PUSCHs) if solution 4 with alt 2 is to be supported.
· FFS on how to handle UCI of the first scheduled PUSCH if the PUSCH is dropped/terminated/skipped.
Proposal 3: In case of resource conflicts between two dynamic scheduled PDSCHs in time
· Under scenario 1-1, a UE processes both dynamic scheduled PDSCHs if the UE is capable of decoding two overlapped PDSCHs or the scheduling condition is met; otherwise the UE drops/terminates/skips the processing of the low priority PDSCH and processes the high priority PDSCH.
· Under scenario 1-2, the UE drops/terminates/skips the processing of the low priority PDSCH and processes the high priority PDSCH.




	CATT
	Proposal 1: Support configuring additional DMRS and DL processing capability #2 on a given serving cell.
Proposal 2: On a given cell, if a first PDSCH associated with DL processing capability #1 is followed by a second PDSCH associated with DL processing capability #2, UE may skip decoding the first PDSCH if the gap between the end of the first PDSCH and the start of the second PDSCH is shorter than PDSCH processing time N1 symbols based on the first PDSCH.
Proposal 3: On a given cell, if a first PDSCH associated with DL processing capability #1 is followed by a second PDSCH associated with DL processing capability #2, UE generates HARQ-ACK for both PDSCHs regardless whether UE decodes the PDSCH or not. UE shall generate NACK if UE skips decoding the PDSCH.
Proposal 4: On a given cell, if a first PDSCH associated with DL processing capability #1 is followed by a second PDSCH associated with DL processing capability #2, the minimum PDSCH processing time of the second PDSCH is not increased when the UE drops the processing of the first PDSCH.
Proposal 5: For overlapping PDSCHs, select one option from 1) UE may skip decoding the low priority PDSCH and UE does not buffer the low priority PDSCH data if the PDSCH is not successfully decoded and 2) UE always skips decoding the low priority PDSCH if UE is not capable of processing two PDSCHs overlap in time.
Proposal 6: For out-of-order non-overlapping PUSCH, for a first PUSCH scheduled by an earlier DCI and a second PUSCH scheduled by a latter DCI, UE transmits the second PUSCH and omits transmitting the first PUSCH if the gap between the end of the second PUSCH and the start of the first PUSCH is shorter than PUSCH preparation time N2 symbols based on the first PUSCH.
Proposal 7: For overlapping PUSCHs, UE transmits the second PUSCH and stops transmitting the first PUSCH from the start of the second PUSCH.
Proposal 8: For out-of-order PUSCH, the minimum PUSCH preparation time of the second PUSCH is not increased when the UE drops the processing of the first PUSCH.



	Intel
	Proposal 1:
· Scenario 1.1 (UE indicating pdsch-ProcessingType2-Limited capability and PDSCHs @ 30 kHz) is supported in Rel-16. 
· For scenarios wherein the pipelining may be impacted, the UE drops the processing of the first PDSCH (scheduled with > 136 PRBs) following Rel-15 behavior.
· Scenario 1.2 (Cap #2 and additional PDSCH DMRS in same serving cell) could be considered for support in Rel-16. 
· A UE can be configured with Cap #2 on a serving cell and also with additional DMRS for PDSCH for the serving cell. PDSCHs that do not have any additional DMRS symbols follow Cap #2, while PDSCHs with additional DMRS symbols follow Cap #1 timing.
· For scenarios wherein the pipelining may be impacted, the UE drops the processing of the first PDSCH (scheduled with > 136 PRBs) following Rel-15 behavior.
· Scenario 1.3 (Different PDSCHs associated to different DL processing times by scheduling) is not supported in Rel-16.
Proposal 2:
· 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.
· The UE only expects a maximum of one OOO PDSCH-to-HARQ-ACK flow on the active BWP of a given serving cell.
· The UE processes both the first and second PDSCHs as a UE capability (e.g., oOO-HARQ-ACK-processBoth) with no new condition
· A UE that does not indicate support of this capability may still support the capability of processing the second PDSCH in case of OOO HARQ-ACK and may drop processing of the first PDSCH (referred to here as oOO-HARQ-ACK-processSecond).
· For a UE indicating capability of oOO-HARQ-ACK-processBoth and pdsch-ProcessingType2-Limited, 
· for a DL BWP with 30 KHz SCS in a serving cell configured with Cap #2 timing, the UE may drop the processing of the first PDSCH if (i) the first PDSCH is scheduled with more than 136 PRBs and (ii) the second PDSCH, scheduled with no more than 136 PRBs, starts within 10 symbols from the end of the first PDSCH.
Proposal 3:
· A UE may be configured with Capability #2 DL processing timing enabled as well as additional DMRS for PDSCH in a same serving cell
· For PDSCHs of duration > 4 symbols, additional PDSCH DMRS are present and Capability #1-based DL processing times apply for the PDSCH. For other cases, Capability #2-based DL processing times apply (subject to any other condition).
· The UE may drop the processing of the first PDSCH if (i) the first PDSCH is scheduled with more than 4 symbols duration and (ii) the second PDSCH, scheduled with no more than 4 symbols duration, starts within 10 symbols from the end of the first PDSCH.
· Note: The two PDSCHs may be in-order or out-of-order w.r.t. their PDSCH-to-HARQ-ACK timelines.
Proposal 4:
· 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 end 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. Under the condition that the two PUSCHs do not overlap in time:
· The UE only expects a maximum of one OOO PDCCH-to-PUSCH flow on the active BWP of a given serving cell.
· The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability (e.g., oOO-PUSCH-processBoth) with no new condition (Solution 2).
· A UE that does not indicate support of this capability may still support the capability of processing the second UL grant and transmit the corresponding PUSCH in case of OOO PUSCH scheduling and may drop transmission of the first PUSCH (referred to here as oOO-PUSCH-processSecond).
Proposal 5:
· 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 end 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. Under the condition that the two PUSCHs have time-domain overlaps:
· The UE processes the second scheduled PUSCH and drops the processing of the first scheduled PUSCH on the same serving cell.
Proposal 6:	
· The handling of the case wherein the UE is not able to receive and process more than one unicast PDSCH simultaneously is prioritized.
· Further consideration on simultaneous reception of multiple PDSCHs as an optional UE capability within eURLLC WI is deferred until further clarity is achieved within eMIMO WI on related issue.
Proposal 7:
· In case of DL data/data resource conflicts for overlapping PDSCHs in time-domain for both Scenarios 1-1 and 1-2, scheduled by dynamic DL assignments, UE prioritizes the second scheduled PDSCH and may terminate the processing of the earlier scheduled PDSCH.
· The UE shall generate a NACK if the processing of the first scheduled PDSCH is terminated.
· The UE is not expected to receive the first scheduled PDSCH from the starting symbol of the time-domain overlap.



	OPPO
	Proposal 1: If priority indication is supported and configured in DL grant, UE does not expect the priority of the later PDSCH with earlier HARQ-ACK feedback is lower than the earlier PDSCH with later HARQ-ACK feedback.
Proposal 2: If cancellation of HARQ-ACK transmission is supported, HARQ-ACK retransmission based on DCI transmitted in out-of-order PDSCH-to-PUCCH manner can be considered.
Proposal 3: Different PDSCHs for different service types should follow different PDSCH processing time capabilities to save UE power.
Proposal 4: When multiple PDSCHs are scheduled with time-domain overlapping, the UE shall decode the PDSCH with highest priority, and the UE may or may not decode/buffer the PDSCH with lower priority based on UE implementation, if no preemption indication to the PDSCH with lower priority is received.
Proposal 5: If the overlapped PDSCHs correspond to separate HARQ-ACK codebooks or one Type-2 HARQ-ACK codebook, the UE generates HARQ-ACK for each of the overlapped PDSCHs.
Proposal 6: If priority indication is supported and configured in UL grant, UE does not expect the priority of the earlier PUSCH with later UL grant is lower than the later PUSCH with earlier UL grant.
Proposal 7: When a second PUSCH starting earlier than the first PUSCH is scheduled by a PDCCH later the PDCCH scheduling the first PUSCH, the UE always processes the second PUSCH, and the UE may or may not transmit the first channel if no preemption indication to the first PUSCH is received.



	Nokia
	Proposal 1: Support out-of-order HARQ-ACKs between two non-overlapping PDSCHs for the PDSCHs associated with the same processing time. 
Proposal 2: Support out-of-order HARQ-ACKs across two non-overlapping PDSCHs associated with different PDSCH processing times.  
Proposal 3: RAN1 should specify a hybrid solution combining solution 3 and solution 4 alternative 2 for the support of out-of-order HARQ-ACK for two non-overlapping PDSCHs. If the restriction condition(s) of the solution 3 capability are fulfilled, the UE will process both PDSCHs without any further conditions. Otherwise, the solution 4-2 scheduling conditions apply. 
Proposal 4: On the scheduling condition for solutions 4-2, support scheduling condition as the timing Y between the two PDSCHs as in Rel-15 at least for the UEs without resume capability. 
· FFS the exact value of Y (Y<N1_cap1) and whether Y can be different for different cases.
· FFS whether to support UEs with resume capability and how to minimize the impact on HARQ-ACK timing of PDSCH1 when PDSCH2 is not scheduled.
Proposal 5: On dropping the processing of the first PDSCH in Solution 4, support dropping the processing of the first PDSCH on the same serving cell only.
Proposal 6: Simultaneous processing of two PDSCHs overlapping in time for scenario 1-1 is introduced as a UE capability. 
Proposal 7: RAN1 should specify UE behaviors depending on UE capability and the two overlapping scenarios as follows:
· For a UE with the capability of handling two PDSCHs in parallel in scenario 1-1, the UE receives and processes both PDSCHs.
· For a UE in scenario 1-2, or for a UE without the capability of handling two PDSCHs in parallel in scenarios 1-1, from the starting symbol of the high priority PDSCH, the UE is not expected to receive the low priority PDSCH.
Proposal 8: The later DL assignment has higher priority than the earlier DL assignment in case a UE receives two DL assignments that indicate PDSCH resource allocations overlapping in time and the UE can only process one of them.
Proposal 9: In case the HARQ-ACK bits for the two overlapping PDSCHs are associated with the same HARQ-ACK codebook, the working assumption of “generates HARQ-ACK for both the PDSCHs” is only applicable to dynamic Type-2 HARQ-ACK codebook, and the UE would only generate HARQ-ACK for the high priority PDSCH in case with semi-static HARQ-ACK codebook.
Proposal 10: For the support of out-of-order PUSCH scheduling, consider further solutions 2, 3 and 4-2 taking into account the potential pipelining impact.
Proposal 11: On dropping the processing of the first PUSCH in Solution 4, support dropping the processing of the first PUSCH on the same serving cell only.
Proposal 12: Support out-of-order scheduling only for the case two PUSCHs are associated with the same PUSCH processing capability. 
Proposal 13: When the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, the UE stops the transmission of the first scheduled PUSCH starting from the first symbol of the high priority PUSCH transmission.



	Sony
	Proposal 1: Use Solution 4-2, i.e. the UE can process both PDSCHs/PUSCHs under some defined condition(s). 
Proposal 2: For an Out-of-Order HARQ-ACK for PDSCH scheduling where a 1st PDSCH is scheduled before a 2nd PDSCH and the 1st HARQ-ACK for the 1st PDSCH is transmitted after the 2nd HARQ-ACK for the 2nd PDSCH, the UE can process both PDSCHs if:
· The time T0 between the end of 1st PDSCH and the start of the 2nd PDSCH is above a threshold TP.
· The time T1 between the end of the 2nd PDSCH and the start of the 1st HARQ-ACK is above a threshold TD.
· If UE is capable of partially process a PDSCH and store it to process the remaining part, then the time criterion is T0+T1≥2N1.
Otherwise drop the 1st PDSCH.

Proposal 3: For an Out-of-Order PUSCH scheduling where a 1st UL Grant schedules a 1st PUSCH and a 2nd UL Grant schedules a 2nd PUSCH and the 1st UL Grant is sent before the 2nd UL Grant but the 1st PUSCH is transmitted after the 2nd PUSCH.  The UE can prepare and transmit both PUSCHs if the time between the end of the 1st UL Grant and the start of the 1st PUSCH is greater than a threshold.  Otherwise the UE drops the 1st PUSCH.
Proposal 4: In the case where two intra-UE PDSCHs overlap in the time domain but not in the frequency domain, the UE can process both PDSCHs if the time M1 between the end of the last PDSCH’s transmission and the start of the last HARQ-ACK is greater than a threshold.  Otherwise the UE drops the PDSCH scheduled by the earlier DL grant.  This threshold is dependent upon UE capabilities and the threshold can be defined in the specifications.
Proposal 5: The UE provides HARQ-ACK for two overlapping PDSCHs if these PDSCHs are associated with different PUCCHs or HARQ-ACK codebooks.  Otherwise, the UE provides HARQ-ACK only for the PDSCH scheduled by the later DL grant.



	Panasonic
	Proposal 1: For out-of-order HARQ-ACK, Solution 1 should be supported for Scenario 1 and 3, while Solution 2 is supported for Scenario 2.
Proposal 2: For Solution 1,
· The UE always processes the second PDSCH. The UE may skip decoding a transport block of the first channel.
Proposal 3: NACK should be provided for HARQ-ACK codebook construction in case UE skip decoding a transport block of the first channel.
Proposal 4: Whether the priority based on the order in time is workable for following potential scenarios should be clarified.
· Partial time overlap between CORESETs
· Analogue beamforming case limits which CORESET to schedule DCI 
Proposal 5: Priority indication is introduced for PDSCH scheduling.
Proposal 6: For out-of-order PUSCH, Solution 1 should be considered.
Proposal 7: Regardless of grant type (dynamic grant/configured grant), following UE behaviour for UL prioritization is supported.
· When possible, MAC selects between grants, and then passes only the selected MAC PDU to PHY. The exact condition of “when possible” is up to UE implementation.
· If not possible, MAC generates a MAC PDU for each grant and passes them to PHY. 
Proposal 8: UE MAC determines UL-SCH priority based on the highest priority of logical channel in the MAC PDU. UE MAC delivers the MAC PDU along with the UL-SCH priority information to PHY.




	InterDigital
	Proposal 1: Support the scenario where different DL processing times are associated with different PDSCHs on the same serving cell.
Proposal 2: Support the scenario where two unicast PDSCHs are overlapping at least in the time domain.
Proposal 3: Support a DCI-based priority indication for PDSCH processing.
Proposal 4: The UE always processes PDSCH with highest priority indication.
Proposal 5: A UE can report a maximum number of PDSCHs that can be processed in parallel for each type of processing capability (capability 1 or capability 2).
Proposal 6: A UE can be configured to enable parallel PDSCH processing on a serving cell, where one PDSCH follows capability 1 and a second PDSCH follows capability 2.
Proposal 7: A UE configured for parallel PDSCH processing on a serving cell always processes a PDSCH on resources not overlapping with a higher priority PDSCH.
Proposal 8: A UE not configured for parallel PDSCH processing on a serving cell processes a PDSCH ending at least [N] symbols before the start of a higher priority PDSCH. [N] to be determined based on R15 specification.
Proposal 9: The PUCCH power control adjustment state is specific to the priority level of the carried HARQ-ACK/SR.
Proposal 10: The PUSCH power control adjustment state is specific to the priority level of PUSCH.



	III
	Proposal 1: Support each of the three scenarios for the handling of two unicast PDSCHs.
Proposal 2: Solution 4-2 is preferred for supporting the first scenario.
Proposal 3: A consistent scheduling conditions for in-order and out-of-order cases can be applied in the second scenario.
Proposal 4: Solution 4-1 is preferred for supporting the third scenario.



	Motorla, Lenovo
	Proposal 1: Support indicating two PUCCH resources for HARQ-ACK feedback of a PDSCH to allow a UE to delay PDSCH decoding and HARQ-ACK transmission.
Proposal 2: Whether to update a soft buffer for a PDSCH that a UE skips decoding is left up to UE implementation.    



	NTT DOCOMO
	Proposal 1:
All the three cases should be supported for the following reasons:
· Case 1: to improve efficiency of eMBB/URLLC multiplexing intra-UE
· Case 2:to accommodate different traffic types for URLLC
· Case 3: to introduce intra-UE DL prioritization
Proposal 2:
· Support solution 4-2 for case 1 and case 3.
· Support solution 2 for case 2.
Proposal 3:
Support enhancements on dynamic switching between UE processing capabilities. 
· Which processing capability to be used depends on the traffic priority.
· Discuss together with intra-UE multiplexing and UCI enhancements AIs on how to determine the priority.
Proposal 4:
· Reuse priority identification scheme which is being discussed in UCI enhancements for URLLC.
· UE should flush its buffer for deprioritized PDSCH.
· UE shall provide HARQ-ACK feedback for all the prioritized and deprioritized PDSCHs. 
Proposal 5:
TPC accumulation with different adjustment state for different traffics should be supported in case of eMBB/URLLC multiplexing regardless of whether OOO happens
· TPC command for eMBB traffic should be accumulated for both eMBB and URLLC traffic, while TPC command for URLLC traffic should be accumulated only for URLLC traffic. 



	Qualcomm
	Proposal 1: The out-of-order PDCCH to PDSCH is only supported for transmission of different TBs.
Proposal 2: A UE only expects a maximum of one out-of-order PDCCH-to-PDSCH flow on the active BWP of a given serving cell, i.e., only up to two overlapping PDSCHs are expected by the UE.
Proposal 3: To enable the UE to process all PDSCHs without dropping, the priority of PDSCHs are indicated at the PHY layer. Only PDSCHs of different priorities can be allowed to be overlapping, i.e., within the same priority, PDSCHs are all in order. 
Proposal 4: To enable the UE to process all PDSCHs without dropping, the UE indicates the number of CCs that can be supported for low priority PDSCHs and the number of CCs that can be supported for high priority PDSCHs as a capability. 
Proposal 5: In Rel. 16 URLLC, channels with different timing capabilities should be allowed to be scheduled on the serving cell concurrently. 
Proposal 6: For supporting the out-of-order operation, while allowing for different minimum processing timing capabilities on the same carrier, Solution 2 is not supported. 
Proposal 7: To support the out-of-order HARQ and uplink scheduling in Rel. 16, the UE indicates the number of CCs that can be supported for low priority channels and the number of CCs that can be supported for high priority channels. The channels associated with different priorities can be scheduled in an out-of-order fashion, but the channels of the same priorities should be kept in order. The UE processes both the low priority and the high priority channels without dropping except for the case that two PUSCHs are overlapping.
Proposal 8: The TPC accumulation of NR Rel. 15 is performed across the channels of the same priority separately, where the channel priority is given by a physical layer indication. 
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