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1 Introduction
In last RAN1#98 meeting, following proposals was captured in chairman’s note and left as email discussion [98-NR-15]. 
	Proposals:

For Rel. 16 NR, the following cases are supported:

· Case 1: different minimum processing timeline capabilities can be configured for PDSCHs on the same carrier. The minimum processing timeline capability 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.


In this contribution, OoO(Out of Order) HARQ, OoO PUSCH and PDSCH conflictions are discussed. 
2 Discussion
1.1 Same processing timeline capability
As we already responded in email discussion [NR-98-15], it supports following case. 
· Same minimum processing timeline capabilitiy is applied for both OoO HARQ and OoO PUSCH
This is because gNB is able to have high flexibility to schedule different service types to a UE in out of order and from UE perspective, there is no pipelining issue to deal with OoO HARQ scheduling. So, it can be operated without much specification effort at this stage with just introducing UE capability e.g., whether or not allow to OoO HARQ or PUSCH such as following solution 2. 
· Solution 2 
· For out of order HARQ, the UE processes both the first and second PDSCHs as a UE capability with no condition
· For out of order PUSCH, the UE processes both the first scheduled and second scheduled PUSCHs as a UE capability with no condition.
Since there are only two meetings to finish WID, same processing time capability should be prioritized than different processing time capability due to less specification efforts, no UE impact and high gNB scheduling flexibility. 
Proposal 1: For OoO HARQ and PUSCH, same minimum processing timeline capability should be supported
Proposal 2: For same minimum processing capability, solution 2 should be baseline for OoO HARQ and PUSCH
1.2 Different processing timeline capability
There are two cases as following for allowing different processing time capability. 
· Case 1: different minimum processing timeline capabilities can be configured for PDSCHs on the same carrier. The minimum processing timeline capability 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.
As we mentioned in email discussion, we do not agree to support above cases with following reasons. 

For case 1, 

· It is quiet unclear whether there is power saving gain or not if a UE processes different minimum processing timeline such that eMBB PDSCH is done by cap#1 and URLLC PDSCH is done by cap#2. 
· Even in power saving WID, there is no observation or conclusion such that how/whether power saving gain is in case of different minimum processing time capability
· Given that the amount of total transmission energy consumption (E) actually is the function of power (V) and time (t), there is no quite evidence or simulation results for that E is definitely reduced if cap#2 is used instead of cap#1. This is because cap#2 can actually shorten to processing time (t) even if it may increase V due to high clock rate. So, it is highly likely that cap#2 can reduces E rather than cap#1 according to UE implementation or chipset design. To sum up, in terms of energy saving that is most important factor for UE, case 1 is quite unclear to provide the benefit compared to others. 
· It requires huge specification efforts in the last stage of WID as well as unclear benefits to both network and UE sides. 
For case 2, 

· Main motivation is to provide different services for the fast moving UE such that long PDSCH (for eMBB) requires additional DMRS with cap#1 and short PDSCH (for URLLC) requires cap#2. 
· In this regards, case 2 cannot be applied to industry IoT or power distribution that are main use cases for eURLLC. Therefore, it is not a typical case. 
· Even in transport industry, the minimum latency budget of 3ms can be satisfied by using cap#1 with additional DMRS configuration for URLLC services for all subcarrier spacings. So, case 2 is not essential scenario to support.
· It is better to discuss this scenario in Rel-17 or later if it happens critical issue/motivations by then. 
Proposal 3: It does not need to support different minimum processing time capability in Rel-16. 
1.3 PDSCH confliction
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

Before we discussed about above two scenarios, it is crucial that which PDSCH is higher priority when two PDSCHs are overlapping. Since RAN2 already made the following agreement in RAN2#105, RAN1 does not need to debate anymore for further progress. 
	RAN2 assumes that the later dynamic grant may always be prioritized over and earlier dynamic grant (scenario 3). One way to realize this is that MAC generate a PDU for each grant and let L1 handle conflicting transmissions. To be confirmed following progress in RAN1. Other solutions are not precluded.


If needed, RAN1 can confirm the following proposal as an agreement. 
Proposal 4: RAN1 assumed that later scheduled PDSCH is higher priority than earlier scheduled PDSCH when those PDSCH are overlapping at least in time domain. 

Going back to above two scenarios, there are two UE capabilities such that 
· Capability A: UE processes both PDSCHs without dropping
· Capability B: UE processes only later scheduled PDSCH and skips to decode earlier scheduled PDSCH 
In this regards, capabilities A and B can be supported for both scenario 1-1 and 1-2. Actually, in case of capability A under scenario 1-2, there is one drawback if a UE misses later scheduled DCI. In this case, a UE assumes that all PDSCH resources scheduled by earlier scheduled DCI is available and gNB uses some of the resources for other PDSCH with later scheduled DCI. However, the drawback can be easily resolved by CBG based transmission and CBG flushing out method. Furthermore, it is very rare that a UE misses later scheduled DCI because it is highly likely that the DCI has higher reliability than earlier scheduled one. So, even if two scenarios were already agreed before, it does not need to handle in different way because which scenario is used is entirely up to gNB scheduling/configuration and UE will just follow gNB’s direction. 
Proposal 5: Capability A (UE processes both PDSCHs without dropping) should be supported for both scenario 1-1 and 1-2. 

Proposal 6: Capability B (UE processes only later scheduled PDSCH and skips to decode earlier scheduled PDSCH) should be supported for both scenario 1-1 and 1-2. 

The other open issue is how UE processes earlier scheduled PDSCH under capability B if the PDSCH is repeated in slot level. For example, it is likely that earlier scheduled PDSCH is repeated over 3 slots and then later scheduled PDSCH is transmitted only on the second slot overlapping with the earlier scheduled PDSCH at least in time domain. In this regards, three cases can be considered case follows. 

· Case A: UE skips to decode earlier scheduled PDSCH transmitted in the second/third slots and decodes earlier scheduled PDSCH transmitted in the first slot and reports corresponding HARQ-ACK. That is, in general, UE skips to decode earlier scheduled PDSCH transmitted in/after the slot in which it happens overlapping with later scheduled PDSCH at least in time domain.
· Case B: UE only skips to decode earlier scheduled PDSCH transmitted in the second slot and decodes earlier scheduled PDSCH transmitted in the first/third slots and reports corresponding HARQ-ACK. That is, in general, UE skips to decode earlier scheduled PDSCH transmitted in the slot in which it happens overlapping with later scheduled PDSCH at least in time domain.
· Case C: UE skips to decode all earlier scheduled PDSCHs even if the UE already received PDSCHs before PDSCH overlapping happens and does not report HARQ-ACK. 
Proposal 7: PDSCH repetition case should be further clarified under capability B. 
Regarding following working assumption, it should be confirmed. The issue related to type 1 and/or type 2 HARQ-ACK codebook will be discussed under UCI enhancement. Since two different HARQ-ACK codebook construction was already agreed to support before, type 1 HARQ-ACK codebook will be managed by gNB configuration for two overlapping unicast PDSCHs. 
· When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both PDSCHs. 
Proposal 8: Confirm working assumption “when the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.”
1.4 PDSCH/PUSCH repetitions

[image: image1]
Figure 1. Out of order PDSCH to HARQ-ACK in case of PDSCH repetition

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

Proposal 9: It should consider out of order HARQ-ACK in case of PDSCH repetition. 

In similar with PDCSH repetition, it should specify PUSCH repetition case for out of order PDCCH to PUSCH. As shown in Figure 2, there is a scenario where PUSCH A is repeated twice for eMBB packet and whereas PUSCH B is transmitted once for URLLC packet under the assumption that eMBB and URLLC have different reliabilities, latencies and packet sizes even though they require the same coverage for uplink. It is noted that dynamic PUSCH repetition would be provided by different DCI formats or DCI field including repetition factor.
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Figure 2. Out of order PDCCH to PUSCH in case of PUSCH repetition


In that case, it is important to identify whether or not it is out of order PDCCH to PUSCH as shown in Figure 2. For example, if first transmitted PUSCH A is considered, it is not shown that out of order PDCCH to PUSCH happens. On the other hand, if last transmitted PUSCH A is counted, it shows out of order PDCCH to PUSCH. To sum up, in case of PUSCH repetitions, it needs to consider how to determine out of order PDCCH to PUSCH and how to handle this situation properly.
Proposal 10: It should consider out of order PUSCH in case of PUSCH repetition. 
3 Conclusions
This contribution considered out of order PDSCH to HARQ, out of order PDCCH to PUSCH including PUSCH overlapping and PDSCH overlapping in at least time domain. Followings are summary of proposals in this contribution.
Proposal 1: For OoO HARQ and PUSCH, same minimum processing timeline capability should be supported

Proposal 2: For same minimum processing capability, solution 2 should be baseline for OoO HARQ and PUSCH

Proposal 3: It does not need to support different minimum processing time capability in Rel-16. 
Proposal 4: RAN1 assumed that later scheduled PDSCH is higher priority than earlier scheduled PDSCH when those PDSCH are overlapping at least in time domain. 
Proposal 5: Capability A (UE processes both PDSCHs without dropping) should be supported for both scenario 1-1 and 1-2. 

Proposal 6: Capability B (UE processes only later scheduled PDSCH and skips to decode earlier scheduled PDSCH) should be supported for both scenario 1-1 and 1-2. 
Proposal 7: PDSCH repetition case should be further clarified under capability B. 

Proposal 8: Confirm working assumption “when the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.”

Proposal 9: It should consider out of order HARQ-ACK in case of PDSCH repetition. 

Proposal 10: It should consider out of order PUSCH in case of PUSCH repetition. 
4 Appendix
eURLLC WID
· 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 
RAN1#96 Agreements:

For a Rel. 16 eURLLC UE and dynamic downlink scheduling, on the active BWP of a given serving cell, the HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH. Specify based on the following solutions:

· Solution 1: The UE always processes the second PDSCH. The UE may or may not drop the processing of the first channel.

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

· Solution 3: The UE processes both the first and second channels under some conditions, e.g. using the CA capability. The conditions are reported as a UE capability. If the conditions are not satisfied, the UE behavior is not defined. 

· FFS: The details of the UE capability.

· Solution 4: 

· A UE drops (terminates) the processing of the first PDSCH.

· Alt1: The UE always drops the first PDSCH.

· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first channel.

· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and second PDSCHs, the gap between the two PUCCHs carrying HARQ-ACK, etc.

· The UE behavior, e.g., decision on dropping the first channel and timing capability associated with the second channel, is determined, and is fixed, after decoding the PDCCH associated with the first and the second PDSCH. 

· When the UE drops the processing of the first channel, increasing the minimum PDSCH processing procedure time (N1) of the second PDSCH by d symbols can be considered.

· FFS the value of d. 

· Dropping the processing of the first PDSCH can be done in one of the two ways:

· Alt1: dropping the processing of the first PDSCH on the same serving cell 

· Alt2: dropping the processing of a PDSCH(s) on the same cell or a different serving cell.

· The UE only expects a maximum of one OOO PDSCH-to-HARQ-ACK flow on the active BWP of a given serving cell when applicable
· FFS whether or not, out-of-order operation is allowed across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.

RAN1#96 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. 
RAN1#96bis 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

RAN1#96bis Working assumption:

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