3GPP TSG RAN WG1 #98bis


R1-1910829
Chongqing, China, October 14th – 20th, 2019
Agenda Item:
7.2.6.4
Source: 
LG Electronics

Title: 
Enhancements to scheduling/HARQ for NR URLLC
Document for:
Discussion and decision
1. Introduction

In this contribution, we discuss several discussion points regarding scheduling/HARQ enhancement techniques to be specified from RAN1 point of view. 
2. Out-of-order HARQ-ACK and PUSCH scheduling
In email discussion [98-NR-15], the following proposal is suggested:

	Proposal #1: 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. A PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1.


First of all, we think that Case 2 should be supported. Otherwise, there could be scheduling restriction for a UE with stringent latency requirement (which requires cap#2) and high-speed scenario (which demands additional DMRS). If Case 2 is supported, more important aspect is to clarify that out-of-order HARQ-ACK operation is supported under Case 2. 

Regarding Case 1, the argument is what the benefit from supporting it is. In terms of solution, we think that both Case 1 and Case 2 can be handled by the unified solution since both Case 1 and Case 2 are about mixed capability on the same carrier. Thus we are fine to support also Case 1 even though we do not have strong preference. But at the same time, given the time unit for this WI, we are also fine that Case 1 can be further discussed later (e.g., in Rel-17) for finalizing this WI successfully. 
In addition, once Case 1, Case 2 or both are supported, it is much simpler and easier to support out-of-order HARQ-ACK operation with a single processing time capability in the same carrier (since there is no pipelining issue), which was not allowed in rel-15. 

In this sense, it would be more productive if we can go with the following updated proposal:

Proposal 1: For Rel. 16 NR, the following cases are supported:

· 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 for PDSCHs on the same carrier. The minimum processing timeline capability for each PDSCH is indicated at the PHY layer. Out-of-order HARQ-ACK operation is supported when different minimum processing timeline capabilities are 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. A PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1. Out-of-order HARQ-ACK operation is supported when additional DMRS and PDSCH processing time capability #2 are configured simultaneously on the same carrier.
Regarding the solution, the following proposal is suggested as outcome of [98-NR-15]:
	Proposal #2’: For Rel. 16 NR, the following capabilities are supported:

· Capability A: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDSCHs, a capability under which the UE processes all PDSCHs without dropping.

· FFS the details of the capability signaling 

· FFS how the minimum processing time of the PDSCHs is indicated.

· Capability B: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDSCHs, a capability under which the UE processes the PDSCH associated with minimum processing timeline capability #2 and processes the PDSCH associated with the minimum processing timeline capability #1 under some scheduling conditions. 

· FFS the details of the capability signaling 

· FFS the scheduling conditions 

· If the scheduling conditions are not satisfied, FFS whether the UE skips decoding the low priority PDSCH or delay its processing.

· FFS how the minimum processing time of the PDSCHs is indicated.

· Capability C: When a single minimum processing capability is configured on a given carrier, and for the case of non-overlapping PDSCHs with out-of-order HARQ, a capability under which the UE processes all PDSCHs without dropping.

· FFS the details of the capability signaling 


In our view, both capabilities A and B are applicable to case 1 and 2 above, so we are generally fine with the proposal. 
For capability A, it can deal with the UE pipelining issue without any condition. Regarding the UE capability which needs to be specified in detail, one possible form is for a UE to indicate the number of CCs that the UE is capable of processing both two PDSCHs simultaneously. 

For capability B, when the scheduling condition is not met, then the UE should process the high priority (or the later) PDSCH and drop/terminate the processing of the low priority (or the earlier) PDSCH. Regarding the scheduling condition, both the timing gap between two PDSCHs and between the two PUCCHs carrying HARQ-ACK should be taken into account. Either timing gap can be ensured by scheduling, both PDSCHs should be able to be processed/decoded. 
For capability C, it is obviously applicable to case 0, and thus this should be acceptable. 
Proposal 2: For Rel. 16 NR, the following capabilities are introduced for out-of-order HARQ-ACK:

· Capability A: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDSCHs, a capability under which the UE processes all PDSCHs without dropping.

· Indicate the number of carriers that the UE is capable of processing both two PDSCHs simultaneously 

· FFS how the minimum processing time of the PDSCHs is indicated.

· Capability B: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDSCHs, a capability under which the UE processes the PDSCH associated with minimum processing timeline capability #2 and processes the PDSCH associated with the minimum processing timeline capability #1 under some scheduling conditions. 

· Indicate the number of carriers that the UE is capable of processing both two PDSCHs simultaneously with the scheduling condition 

· The scheduling conditions includes
· Timing gap between two PDSCHs
· Timing gap between two PUCCHs carrying HARQ-ACKs
· If the scheduling conditions are not satisfied, the UE skips decoding the low priority (or the earlier) PDSCH.

· FFS how the minimum processing time of the PDSCHs is indicated.

· Capability C: When a single minimum processing capability is configured on a given carrier, and for the case of non-overlapping PDSCHs with out-of-order HARQ, a capability under which the UE processes all PDSCHs without dropping.

· FFS the details of the capability signaling
Similarly, for out-of-order PUSCH scheduling, similar capabilities can be taken into account. When the UE drops/terminates/skips the processing of the first scheduled PUSCH, if the PUSCH contains UCI (particularly for HARQ-ACK), it would be beneficial to carry the UCI via any of channel not to be dropped.

Proposal 3: For Rel. 16 NR, the following capabilities are introduced for out-of-order PUSCH:

· Capability A: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PUSCHs, a capability under which the UE processes all PUSCHs without dropping.

· Indicate the number of carriers that the UE is capable of processing both two PUSCHs simultaneously 

· FFS how the minimum processing time of the PUSCHs is indicated.

· Capability B: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PUSCHs, a capability under which the UE processes the PUSCH associated with minimum processing timeline capability #2 and processes the PUSCH associated with the minimum processing timeline capability #1 under some scheduling conditions. 

· Indicate the number of carriers that the UE is capable of processing both two PUSCHs simultaneously with the scheduling condition 

· The scheduling conditions includes

· Timing gap between two PDCCHs scheduling PUSCHs
· Timing gap between two PUSCHs
· If the scheduling conditions are not satisfied, the UE skips decoding the low priority (or the earlier scheduled) PUSCH.

· FFS how the minimum processing time of the PUSCHs is indicated.
· FFS on how to handle UCI of the first scheduled PUSCH if the PUSCH is dropped/terminated/skipped.
· Capability C: When a single minimum processing capability is configured on a given carrier, and for the case of non-overlapping PUSCHs, a capability under which the UE processes all PUSCHs without dropping.

· FFS the details of the capability signaling
3. Resource conflicts between two dynamic scheduled PDSCHs in time

For resource conflicts between two dynamic scheduled PDSCHs in time, whether to allow simultaneous reception of two PDSCHs needs to be discussed. Basically, the principle will be quite similar as simultaneous processing of two PDSCHs for out-of-order HARQ-ACK. For instance, later DL assignment has a higher priority over earlier DL assignment, and PDSCH scheduled by earlier DL assignment will be punctured/rate-matched/dropped by PDSCH scheduled by later DL assignment. Some further condition on simultaneous reception of two PDSCHs can be taken into account (e.g., whether or not to overlap in frequency domain). 
Proposal #4: In Rel. 16 NR, the following UE capabilities should be introduced for handling the collision between two unicast PDSCHs:

· Capability A: A capability under which a UE processes both PDSCHs under Scenario 1-1
· Indicate the number of carriers that the UE is capable of processing both PDSCHs simultaneously under Scenario 1-1

· Capability B: A capability under which a UE processes both PDSCHs under Scenario 1-2

· Indicate the number of carriers that the UE is capable of processing both PDSCHs simultaneously under Scenario 1-2
· FFS the UE behavior for processing the overlapping resources in the frequency domain under Scenario 1-2. 

· Capability C: A capability under which a UE processes the high priority PDSCH and processes the low priority PDSCH under some scheduling conditions.

· The scheduling conditions includes

· Timing gap between two PDCCHs scheduling PDSCHs

· Number of overlapped RBs

· If no scheduling conditions is identified or the scheduling conditions are not satisfied, the UE skips decoding the low priority (or the earlier) PDSCH.

· FFS how the priority of the PDSCHs is defined and indicated.

· Note: Under Scenario 1-2, the gNB preempts the transmission of the low priority PDSCH and only transmits the high priority PDSCH over the overlapping resources in the frequency domain.

4. Conclusions

In this contribution, we discussed several aspects on scheduling/HARQ enhancements for NR URLLC. Based on the above discussion, our observation and proposals are given as follows:

Proposal 1: For Rel. 16 NR, the following cases are supported:

· 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 for PDSCHs on the same carrier. The minimum processing timeline capability for each PDSCH is indicated at the PHY layer. Out-of-order HARQ-ACK operation is supported when different minimum processing timeline capabilities are 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. A PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1. Out-of-order HARQ-ACK operation is supported when additional DMRS and PDSCH processing time capability #2 are configured simultaneously on the same carrier.
Proposal 2: For Rel. 16 NR, the following capabilities are introduced for out-of-order HARQ-ACK:

· Capability A: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDSCHs, a capability under which the UE processes all PDSCHs without dropping.

· Indicate the number of carriers that the UE is capable of processing both two PDSCHs simultaneously 

· FFS how the minimum processing time of the PDSCHs is indicated.

· Capability B: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDSCHs, a capability under which the UE processes the PDSCH associated with minimum processing timeline capability #2 and processes the PDSCH associated with the minimum processing timeline capability #1 under some scheduling conditions. 

· Indicate the number of carriers that the UE is capable of processing both two PDSCHs simultaneously with the scheduling condition 

· The scheduling conditions includes

· Timing gap between two PDSCHs
· Timing gap between two PUCCHs carrying HARQ-ACKs
· If the scheduling conditions are not satisfied, the UE skips decoding the low priority (or the earlier) PDSCH.

· FFS how the minimum processing time of the PDSCHs is indicated.

· Capability C: When a single minimum processing capability is configured on a given carrier, and for the case of non-overlapping PDSCHs with out-of-order HARQ, a capability under which the UE processes all PDSCHs without dropping.

· FFS the details of the capability signaling
Proposal 3: For Rel. 16 NR, the following capabilities are introduced for out-of-order PUSCH:

· Capability A: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PUSCHs, a capability under which the UE processes all PUSCHs without dropping.

· Indicate the number of carriers that the UE is capable of processing both two PUSCHs simultaneously 

· FFS how the minimum processing time of the PUSCHs is indicated.

· Capability B: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PUSCHs, a capability under which the UE processes the PUSCH associated with minimum processing timeline capability #2 and processes the PUSCH associated with the minimum processing timeline capability #1 under some scheduling conditions. 

· Indicate the number of carriers that the UE is capable of processing both two PUSCHs simultaneously with the scheduling condition 

· The scheduling conditions includes

· Timing gap between two PDCCHs scheduling PUSCHs

· Timing gap between two PUSCHs
· If the scheduling conditions are not satisfied, the UE skips decoding the low priority (or the earlier scheduled) PUSCH.

· FFS how the minimum processing time of the PUSCHs is indicated.
· FFS on how to handle UCI of the first scheduled PUSCH if the PUSCH is dropped/terminated/skipped.
· Capability C: When a single minimum processing capability is configured on a given carrier, and for the case of non-overlapping PUSCHs, a capability under which the UE processes all PUSCHs without dropping.

· FFS the details of the capability signaling
Proposal #4: In Rel. 16 NR, the following UE capabilities should be introduced for handling the collision between two unicast PDSCHs:

· Capability A: A capability under which a UE processes both PDSCHs under Scenario 1-1
· Indicate the number of carriers that the UE is capable of processing both PDSCHs simultaneously under Scenario 1-1

· Capability B: A capability under which a UE processes both PDSCHs under Scenario 1-2

· Indicate the number of carriers that the UE is capable of processing both PDSCHs simultaneously under Scenario 1-2
· FFS the UE behavior for processing the overlapping resources in the frequency domain under Scenario 1-2. 

· Capability C: A capability under which a UE processes the high priority PDSCH and processes the low priority PDSCH under some scheduling conditions.

· The scheduling conditions includes

· Timing gap between two PDCCHs scheduling PDSCHs

· Number of overlapped RBs

· If no scheduling conditions is identified or the scheduling conditions are not satisfied, the UE skips decoding the low priority (or the earlier) PDSCH.

· FFS how the priority of the PDSCHs is defined and indicated.

· Note: Under Scenario 1-2, the gNB preempts the transmission of the low priority PDSCH and only transmits the high priority PDSCH over the overlapping resources in the frequency domain.

