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1.
Introduction

Following scheduling/HARQ enhancements discussions in previous meetings, several scenarios for handling of two unicast PDSCHs are proposed, including same and different DL processing time for non-overlapped PDSCHs as well as overlapping PDSCHs regardless same or different DL processing times. During the E-mail discussion in RAN1#98, following use cases have been proposed for further discussion. 
Proposal 1’ of [98-NR-15]
· Case 0: out-of-order HARQ-ACK operation is supported with a single processing time capability in the same carrier.

· Case 1: different minimum processing timeline capabilities can be configured to the PDSCHs on the same carrier. Out-of-order HARQ-ACK operation is supported across PDSCHs of different minimum processing timeline capabilities.

· Case 2: additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier. A PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1. Out-of-order HARQ-ACK operation is supported across PDSCHs of different processing timeline capabilities.

And during the discussion in RAN1#98bis meeting, following agreements have been reached

RAN1#98bis Agreements:
If RAN1 supports Case 0 of Proposal 1’ of [98-NR-15], if the UE supports out-of-order HARQ operation, and if PDSCHs are non-overlapping in the time domain:

· The UE processes all PDSCHs without dropping, except

· The Rel. 15 UE fallback to capability 1 and dropping behaviour for a UE reporting pdsch-ProcessingType2-Limited is supported. 

· Note: Under Case 0, additional DMRS and capability 2 cannot be simultaneously configured on a given carrier.

RAN1#98bis Agreements:
If RAN1 supports Case 1 and/or Case 2 of Proposal 1’ of [98-NR-15], and if the UE is not capable of processing all PDSCHs under some condition(s), and if PDSCHs are non-overlapping in the time domain then:

· The UE always processes the PDSCH associated with capability 2

· FFS whether or not subject to Rel-15 restrictions (if any)

· The UE processes the PDSCH associated with capability 1 if its last symbol is at least N1 symbols before the start of the PDSCH associated with capability 2. 

· N1 is the minimum processing timeline for capability 1.

· Further discussion offline whether or not to include the case when the PDSCH associated with capability 2 is before the PDSCH associated with capability 1 and if so, details

· Otherwise, the UE may skip decoding the PDSCH associated with capability 1. 

· HARQ-ACK should be reported for the PDSCH associated with capability 1.

· If RAN1 supports extending the minimum processing of the PDSCH associated with capability #2 by d symbols in case the PDSCH associated with capability 1 needs to be dropped, the value of d should be less than or equal to 2 symbols at least for SCS = 15/30KHz. 

· FFS: The exact value of d to be decided by RAN1 #99. 

· FFS: The value of d for other SCSs

In this contribution, we share our views on the support of these three cases, and propose our preference solution for each of them. 
2.  Discussion on the supporting scenarios of out-of-order scheduling
Case 0 is the case when out-of-order HARQ-ACK operation is applied using the same DL processing time on the same serving cell, and the two PDSCHs are non-overlapping. Since there is no pipelining issue in this case, it is natural to support this case in view of limited spec impacts. For this single processing time case, decoding order is the same as the receiving order of PDSCHs. The first decoded PDSCH, which has less priority than the latter decoded PDSCH, can be scheduled to transmit HARQ-ACK after the later PDSCH. In other words, what UE have to do is to follow gNB’s PUCCH scheduling order instruction on DCI and follow the behaviour of pdsch-ProcessingType2-Limited in Rel. 15. Therefore the scheduling condition to support out-of-order transmission is similar to the in-order cases. 

Proposal 1: Support case 0, i.e., out-of-order HARQ-ACK operation with a single processing time capability in the same carrier for out-of-order HARQ-ACK operation. 

As for Case 1 and Case 2, 

· Case 1: different minimum processing timeline capabilities can be configured to the PDSCHs on the same carrier. Out-of-order HARQ-ACK operation is supported across PDSCHs of different minimum processing timeline capabilities.

· Case 2: additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier. A PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1. Out-of-order HARQ-ACK operation is supported across PDSCHs of different processing timeline capabilities.
We think this two are typical cases of main intention for support out-of-order scheduling. No matter case 1 and/or case 2 is supported, the consequence is the same, i.e., mixed processing time capability is applied on the same carrier. If the benefit of power consumption is not clear at this moment, we should reserve the flexibility for gNB to determine whether configuring different minimum processing timeline capabilities on the same carrier as per hardware preference in terms of power consumption.

Some companies mention that mixed traffic with capability 2 actually reserve more power than mixed capability, because at a lower clock rate, the chipset would need to operate for a longer time. If this is the case, then in case 2, gNB need to consider the trade-offs between power consumption and measurement accuracy. If power consumption is dominant, then additional DMRS should be avoided to keep higher clock rate. 

We think each of these cases shouldn’t be preclude. It is up to gNB’s to decide whether same or different capabilities being configured on the same carrier. Same situation as in case 2, gNB need to decide if additional DMRS is adopted as a consequence of mixed processing time capability, which would possibly result in more power consumption at UE.

Proposal 2: Support case 1 and case 2 of mixed minimum PDSCH processing time capabilities on the same carrier for two non-overlapped unicast PDSCHs.
From the description of agreement in RAN1#98bis. If RAN1 supports case 1 and/or case 2 and if the UE is not capable of processing all PDSCHs under some condition(s), and if PDSCHs are non-overlapping in the time domain, then UE always processes the PDSCH associated with capability 2. However, If RAN1 supports extending the minimum processing of the PDSCH associated with capability #2 by d symbols in case the PDSCH associated with capability 1 needs to be dropped, i.e., additional d symbols latency need to be added to the minimum processing of the PDSCH associated with capability #2. The scheduling condition(s) which can ensure UE can process the PDSCH associated with capability 2 after dropping PDSCH associated with capability 1 in Rel. 16 should be further discussed. And the UE’s follow up behavior of dropped PDSCH should be clarified, e.g., UE may either transmit NACK or DTX at the assigned PUCCH resource for the first received PDSCH. For consistency, it may follow the principle of overlapping cases of PDSCH, i.e., the UE generates HARQ-ACK for both of the PDSCHs.
Proposal 3: For case1 and case2, if the UE is not capable of processing all PDSCHs under some condition(s), the new scheduling condition(s), as the consequence of d symbol dropping latency, to ensure processing the later PDSCH while dropping the first PDSCH should be verified.

Proposal 4: For case1 and case2, if the UE is not capable of processing all PDSCHs under some condition(s), UE’s follow up behavior after dropping the first PDSCH could follow the principle of PDSCH overlapping cases, i.e., always transmit NACK at the assigned PUCCH resource for the dropped PDSCH.
2.1  Overlapping between two unicast PDSCHs   

For the scenario where two unicast PDSCHs are overlapping at least in the time domain. 
· 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
Since the pipeline issue here is more serious than the non-overlapping scenarios, always skipping of first scheduled PDSCH can be considered. 

However, in some scheduling conditions, process of both overlapped PDSCHs is allowed under Scenario 1-1. For example, long time gap between PDSCH and HARQ-ACK or between the earlier HARQ-ACK and latter HARQ-ACK. And to have consistent capability of overlapped and non-overlapped cases. We suggest an UE capability capable of processing both the high priority PDSCH and the low priority PDSCH under some scheduling conditions for overlapping Scenario 1-1.

Proposal 5: Support UEs decode both the high priority PDSCH and the low priority PDSCH in overlapping Scenario 1-1 under some scheduling conditions. 
In RAN1#96bis meeting, a working assumption regarding HARQ-ACK generation for two overlapping unicast PDSCHs. We would like to confirm the working assumption, i.e., no matter low priority PDSCH is dropped or not, HARQ-ACK should be generated. However, how to report HARQ-ACK is another issue, it may affect the design of Type 1 codebook, where only one HARQ-ACK is reported whenever PDSCH are overlapped     
Meanwhile, we want to point out that the decision of unicast PDSCH feedback may have impact on the case of SPS PDSCH with multiple SPS configurations with shorter periodicity, which would lead to more overlapped PDSCHs. In this case, feedback overhead could be an issue if HARQ-ACKs are always reported.
Proposal 6: Confirm the working assumption “When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.” 
3. Conclusion
We have the following observations and proposals regarding out-of-order scheduling. 
Proposal 1: Support case 0, i.e., out-of-order HARQ-ACK operation with a single processing time capability in the same carrier for out-of-order HARQ-ACK operation. 

Proposal 2: Support case 1 and case 2 of mixed minimum PDSCH processing time capabilities on the same carrier for two non-overlapped unicast PDSCHs.
Proposal 3: For case1 and case2, if the UE is not capable of processing all PDSCHs under some condition(s), the new scheduling condition(s), as the consequence of d symbol dropping latency, to ensure processing the later PDSCH while dropping the first PDSCH should be verified.

Proposal 4: For case1 and case2, if the UE is not capable of processing all PDSCHs under some condition(s), UE’s follow up behavior after dropping the first PDSCH could follow the principle of PDSCH overlapping cases, i.e., always transmit NACK at the assigned PUCCH resource for the dropped PDSCH.
Proposal 5: Support UEs decode both the high priority PDSCH and the low priority PDSCH for overlapping Scenario 1-1 under some scheduling conditions. 
Proposal 6: Confirm the 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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