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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#96bis, we agreed the following:
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.

This contribution provides further considerations on scheduling enhancements for URLLC operations.  
2. Discussions

2.1 Out-of-Order HARQ-ACK for PDSCH
In the email discussion [98-NR-15] on Downlink Out-of-Order scheduling, mixed UE processing time, i.e. Capability 1 and Capability 2 in a carrier, was considered.  Out-of-Order HARQ for PDSCH is beneficial for URLLC and should also be supported even for a single UE processing timeline, i.e. for the case when the UE uses Capability 2 processing for both eMBB and URLLC traffic:
Proposal 1: Out-of-Order HARQ-ACK for PDSCH operation is supported with a single processing time capability in the same carrier.

Two cases were identified in the email discussion [98-NR-15] for mixed processing time capability in a 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: PDSCH 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.

In Rel-15, the UE can only process PDSCH with two DMRS using Capability 1 and so if an eMBB PDSCH uses two DMRS whilst another URLLC PDSCH uses a single DMRS, the UE may be forced to use processing time Capability 1 on both PDSCH leading to undesirable latency.  Hence, Case 2 is valid and should be supported.
Proposal 2: Support Case 2, i.e. the case where 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 for this case.

It was argued that if Case 2 is supported, then the UE can also support Case 1.  However, for Case 2, there is a clear behavior when the UE should use Capability 1 and when it can use Capability 2, i.e. if more than 1 DMRS is used then UE should use Capability 1 otherwise it uses Capability 2.  For Case 1, it is unclear how the UE should decide which processing time capability to use, which would involve further specification work to describe the mechanism and UE behavior.  This can be done in Rel-17.
Observation 1: For Case 1 of Out-of-Order HARQ-ACK, it is unclear how the UE decides which processing time capability to use on a PDSCH (with 1 DMRS).
Proposal 3: Out-of-order HARQ-ACK operation across PDSCHs (with 1 DMRS) of different minimum processing timeline capabilities in the same carrier is not supported in Rel-16.

For Case 2, when an Out-of-Order HARQ-ACK is scheduled, the UE can process both PDSCHs under some condition and if the condition is not met, the UE drops the lower priority PDSCH.  In [1] a timing condition is proposed, which is described in an example in Figure 1, where DCI#1 & DCI#2 schedule PDSCH#1 and PDSCH#2 respectively.  Although PDSCH#1 is scheduled before PDSCH#2, the HARQ-ACK#1 for PDSCH#1 is transmitted after HARQ-ACK#2 for PDSCH#2.  Assuming that the gNB schedules sufficient time between the end of PDSCH#2 and start of HARQ-ACK#2, i.e. time T2 ≥ N1, the UE can decode both PDSCHs:
· If the UE has sufficient time to decode PDSCH#1 before PDSCH#2 arrives, that is the time T0 between end of PDSCH#1 and start of PDSCH#2 is greater than a threshold [2].  For example T0 ≥ N1.
· If T0 is below the threshold, the UE is able to delay the processing of PDSCH#1 until after it has decoded PDSCH#2 and there is sufficient time between end of PDSCH#2 and the start of HARQ-ACK#1, i.e. T1.  That is if the time between the end of the 2nd PSDCH and the start of the 1st HARQ-ACK is above a threshold T1 ≥ TD .  
· If the UE is capable of decoding part of PDSCH#1 within time T0 and the remaining part of PDSCH#1 after PDSCH#2, i.e. within T1, then the criterion would be T0+T1≥2N1.  

The threshold/criteria can be based on UE capability.  If the UE cannot decode both PDSCHs, then it drops the earlier granted PDSCH, i.e. PDSCH#1 in Figure 1.
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[bookmark: _Ref16516509]Figure 1: Out-of-Order HARQ-ACK for PDSCH scheduling
Proposal 4: 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 processing a PDSCH and storing it to process the remaining part later on, then the time criterion is T0+T1≥2N1.
Otherwise drop the 1st PDSCH.


2.2 Overlapping PDSCHs
The two identified scenarios where two intra-UE PDSCHs overlap in time are:
· 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
At least for Scenario 1-1, the UE may be able to process both PDSCH if sufficient time is available for the UE to pipeline the processing of both PDSCHs prior to the HARQ-ACK transmissions.  Figure 2 shows two overlapping PDSCH transmissions where DCI#1 and DCI#2 schedule PDSCH#1 and PSDCH#2 respectively and their corresponding HARQ-ACKs are HARQ-ACK#1 and HARQ-ACK#2 respectively.  Since the PDSCHs do not overlap in frequency, the UE can buffer both PDSCHs and process them after time t7.  Here the UE needs to process PDSCH#1 within time M2 in order to provide the corresponding feedback HARQ-ACK#1,where M2 ≥ N1.  PDSCH#2 needs to be processed in the remaining time M3.  That is the UE needs to process two PDSCHs within time M1 and this depends on the UE processing capability.  Hence, a time condition can be defined, such that the UE can process two overlapping 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, i.e. PDSCH#1 in Figure 2.  This threshold is dependent upon UE capabilities and the threshold can be defined in the specifications.
Proposal 5: 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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[bookmark: _Ref7440405]Figure 2: Overlapping PDSCHs transmission in a UE

We made the following working assumption:
· When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.

It is noted in [1], [2], [3] that Type 1 HARQ-ACK codebook can only provide ONE HARQ-ACK per PDSCH occasion and hence if the two overlapping PDSCHs are associated with a single Type 1 HARQ-ACK codebook, then the mechanism of Type 1 HARQ-ACK codebook needs to be changed to support the working assumption.  Hence it is proposed that the working assumption is only applicable for the case where the PDSCHs are associated with different HARQ-ACK codebooks or they are associated with a single Type 2 HARQ-ACK codebook.
Proposal 6: When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs if the PDSCHs are associated with two different HARQ-ACK codebooks or they are associated with a single Type 2 HARQ-ACK codebook.

2.3 Out-of-Order PUSCH
Figure 3 illustrates Out-of-Order PUSCH scheduling where DCI#1 and DCI#2 schedule PUSCH#1 and PUSCH#2 respectively.  Here DCI#1 is transmitted before DCI#2 but PUSCH#2 is scheduled to transmit before PUSCH#1.  Assuming that the gNB provides sufficient time between DCI#2 and the start of PUSCH#2, i.e. P1 ≥ N2, so that the UE can prepare PUSCH#2, the following time conditions are considered to allow the UE to transmit both PUSCHs:
· If the UE can prepare PUSCH#1 upon receiving DCI#1 and before receiving DCI#2, and stores PUSCH#1 until after PUSCH#2 is transmitted, i.e. the time P0 between the end of DCI#1 and start of DCI#2, is greater than a threshold PA (P0 ≥ PA) [2].
· If the UE can delay the preparation of PUSCH#1 until after it has transmitted PUSCH#2, i.e. the time P2 between the end of PUSCH#2 and the start of PUSCH#1 is greater than a threshold PB (P2 ≥ PB) [3]
· If the UE can use the time after receiving DCI#1 and before transmitting PUSCH#1 to prepare for the PUSCH, i.e. the time P3, between the end of DCI#1 and the start of PUSCH#1, is greater than a threshold PC (P3 ≥ PC)The time condition where P3 ≥ PC, captures the conditions using P0 and P2, since here it is up to the UE to decide whether to use the time P0 or P2 to prepare for PUSCH#1, e.g. if these times are sufficient.  If the time condition is not met, the UE drops the earlier granted PUSCH, i.e. PUSCH#1.
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[bookmark: _Ref16521498]Figure 3: Out-of-Order PUSCH scheduling

[bookmark: _GoBack]Proposal 7: 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.

3. Conclusion
In this contribution we discuss scheduling enhancement for URLLC.  We observe the following:
Observation 1: For Case 1 of Out-of-Order HARQ-ACK, it is unclear how the UE decides which processing time capability to use on a PDSCH (with 1 DMRS).

We therefore propose the following:
Proposal 1: Out-of-Order HARQ-ACK for PDSCH operation is supported with a single processing time capability in the same carrier.
Proposal 2: Support Case 2, i.e. the case where 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 for this case.
Proposal 3: Out-of-order HARQ-ACK operation across PDSCHs (with 1 DMRS) of different minimum processing timeline capabilities in the same carrier is not supported in Rel-16.
Proposal 4: 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 processing a PDSCH and storing it to process the remaining part later on, then the time criterion is T0+T1≥2N1.
Otherwise drop the 1st PDSCH.

Proposal 5: 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 6: When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs if the PDSCHs are associated with two different HARQ-ACK codebooks or they are associated with a single Type 2 HARQ-ACK codebook.

Proposal 7: 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.
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