3GPP TSG RAN WG1 #102-e		R1-2005569
e-Meeting, August 17th – 28th, 2020 

Agenda Item:	8.3.1.1
Source: 	Sony 
Title:	HARQ-ACK enhancement to reduce retransmission time
Document for:	Discussion / decision
1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
One of the objectives of the WI on enhanced iIoT & URLLC [1] is:
[bookmark: _GoBack]Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI

This contribution focuses on the HARQ-ACK feedback enhancement aspect of this objective.
2. Discussions 
The eURLLC reliability requirement of 10-5 or 10-6 BLER may, in some propagation channels,  require a lot of gNB resources to transmit a transport block, if only a single PDSCH transmission, i.e. one-shot transmission, is used.  HARQ Retransmission allows a PDSCH TB to be transmitted multiple times thereby lowering the reliability requirement of each transmission and hence the resources required.  For example, transmission of a PDSCH at a BLER of 10-6 can be achieved using two HARQ Retransmissions where each transmission targets a BLER can be less, e.g. 10-3.  However, retransmissions of PDSCH cause latency, especially when multiplexing of HARQ-ACKs is used.  For example, in Figure 1 the HARQ-ACK feedbacks for PDSCH#1, PDSCH#2, PDSCH#3 and PDSCH#4 are multiplexed into PUCCH#1.  If the UE fails to decode PDSCH#1, then the gNB could only provide a retransmission after all the other PDSCHs have been decoded and PUCCH#1 is processed at the gNB.  In this example, the retransmission is scheduled by DCI#5 after the gNB had processed PUCCH#1.  Delay in waiting for other PDSCH to be decoded before a HARQ-ACK feedback can be sent to the gNB may lead to the UE not meeting the URLLC latency requirement.
[image: ]
[bookmark: _Ref46153463]Figure 1: Delay in retransmission of a NACK PDSCH

Observation 1: Multiplexing of HARQ-ACK feedbacks for multiple PDSCHs may lead to delay in retransmission of one or more of these PDSCHs.

The delay in retransmission is due to the delay in transmitting the NACK especially for PDSCH that is scheduled with large K1 values (i.e. large “PDSCH-to-HARQ_feedback timing indicator”).  One way to reduce the delay in retransmission of a failed PDSCH is to allow a NACK to be fed back as soon as possible rather than to wait for it to be multiplexed into a PUCCH.  An example is shown in Figure 2, where once again, the HARQ-ACK feedbacks for PDSCH#1, PDSCH#2, PDSCH#3 & PDSCH#4 are scheduled to be multiplexed into PUCCH#2 in sub-slot m+6.  The UE fails to decode PDSCH#1 but instead of waiting to feedback a NACK in sub-slot m+6, the UE sends a NACK earlier in sub-slot m+3.  This allows the gNB to schedule a retransmission sooner and in this example the UE is able to receive a retransmission in sub-slot m+6 instead of sub-slot m+9 in the legacy system in Figure 1.  Since an ACK does not require a retransmission, the HARQ-ACK feedbacks for PDSCH#2, PDSCH#3 & PDSCH#4 are multiplexed into the originally scheduled PUCCH#2.
[image: ]
[bookmark: _Ref46222777]Figure 2: Fast NACK

Observation 2: Providing a Fast NACK where the NACK can be transmitted earlier than the scheduled PUCCH, reduces delay in retransmission of a PDSCH.
Proposal 1: Consider a Fast NACK where a NACK for a PDSCH can be transmitted earlier than the scheduled PUCCH, whereas an ACK is transmitted at the scheduled PUCCH.

A Fast NACK is beneficial if the PUCCH carrying the HARQ-ACKs is scheduled with a long delay from the PDSCH, which causes a retransmission time to exceed the URLLC latency requirement.  That is, a Fast NACK is sent only for PDSCH with K1 > TDelay, otherwise the UE multiplexes its NACK into the scheduled PUCCH.  The value TDelay can be RRC configured.
Proposal 2: The UE sends a Fast NACK if it fails to decode a PDSCH and the PDSCH-PUCCH delay K1 > TDelay.

The Fast NACK can be carried by a PUCCH using PUCCH Format 0 or Format 1, which allows multiple UEs to share the same time & frequency resources occupied by this PUCCH.  The PUCCH for Fast NACK can be placed such that it is less than TNACK from any PDSCH within a PUCCH multiplexing window.  An example is shown in Figure 3, where TNACK = 1.5 slots and the HARQ-ACK feedbacks for PDSCH#1, PDSCH#2, PDSCH#3, & PDSCH#4 are scheduled to be transmitted in PUCCH#2 in sub-slot m+6.  PUCCH#1 is resource for PDSCH#1 and PDSCH#2 to feedback NACK since they are within TNACK from PUCCH#1.  ACKs for PDSCH#1 and PDSCH#2 use the original scheduled PUCCH#2.  PDSCH#3 and PDSCH#4 use the originally scheduled PUCCH#2 for NACK and ACK.  Although smaller PUCCH multiplexing window, i.e. using small K1 values, can be used to allocate more frequent PUCCH for HARQ-ACK can also reduce the retransmission timeline, it should be appreciated that a large K1 value that multiplexes multiple HARQ-ACKs into a single PUCCH is an efficient way to use the PUCCH resource especially when we expect most of the feedbacks to be ACKs.
[image: ]
[bookmark: _Ref46243760]Figure 3: PUCCH resource for Fast NACK

Proposal 3: Fast NACK can be carried by PUCCH Format 0 or Format 1.

3. Conclusion
In this contribution, we discuss some enhancements for HARQ-ACK feedback.  We observe the following: 
Observation 1: Multiplexing of HARQ-ACK feedbacks for multiple PDSCHs may lead to delay in retransmission of one or more of these PDSCHs.
Observation 2: Providing a Fast NACK where the NACK can be transmitted earlier than the scheduled PUCCH, reduces delay in retransmission of a PDSCH.

We therefore propose the following:
Proposal 1: Consider a Fast NACK where a NACK for a PDSCH can be transmitted earlier than the scheduled PUCCH, whereas an ACK is transmitted at the scheduled PUCCH.
Proposal 2: The UE sends a Fast NACK if it fails to decode a PDSCH and the PDSCH-PUCCH delay K1 > TDelay.
Proposal 3: Fast NACK can be carried by PUCCH Format 0 or Format 1.
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