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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#102e we made the following agreements:
[bookmark: _Hlk71281031]Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback
Companies are encouraged to provide detailed analysis and comparison accordingly
 
One of the schemes agreed for further study is the retransmission of dropped HARQ-Ack.  This contribution discusses some considerations on this topic.
[bookmark: _Hlk68192600]
2. Retransmission of Cancelled HARQ-ACK
The following methods were considered for the retransmission of cancelled HARQ-ACK [1]:
· Method 1: Enhanced Type 3 HARQ-ACK Codebook
· Method 2: New Type 4 HARQ-ACK Codebook with a one-shot trigger

Type 3 Codebook was introduced in Rel-16 for NR-U to enable the UE to retransmit HARQ-ACKs due to LBT failure.  Type 3 Codebook is triggered by a DL Grant via the “One-shot HARQ-ACK request” DCI field, where the UE transmits HARQ-ACK for all HARQ-ACK process IDs across configured CCs.  It was argued that this has high overhead and therefore some companies proposed to enhance Type 3 Codebook by reducing the overhead.  We do not see the need for such enhancements and if overhead is an issue, it is better to introduce a new HARQ-ACK codebook for this purpose, e.g. Method 2 rather than try to enhance Type 3 Codebook which would produce a sub-optimal solution.  However, we do think that it is beneficial to support Type 3 Codebook also for DCI Format 1_2 to improve reliability of HARQ-ACK in NR-U.
Proposal 1: Do not support enhancements for Type 3 HARQ-ACK Codebook.
Proposal 2: Consider introducing one shot trigger for Type 3 Codebook in DCI Format 1_2.

In Method 2, a new “one-shot trigger” is introduced to retransmit only dropped HARQ-ACK, i.e. in a new Type 4 HARQ-ACK Codebook, which has significantly less overhead compared to the method used in Type 3 Codebook or any of the enhancements proposed to reduce Type 3 Codebook overheads.  If overhead is an issue, we prefer to address it directly rather than trying to enhance Type 3 Codebook since Type 3 Codebook has a semi-static size and therefore any enhancements would not provide as effective an overhead reduction as a codebook that retransmits only dropped HARQ-ACKs.
Observation 1: Since the size of Type 3 HARQ-ACK Codebook is semi-static, any enhancement made to Type 3 HARQ-ACK Codebook for overhead reduction can never be as effective as a new HARQ-ACK codebook that retransmits only dropped HARQ-ACK.

For the triggering of the new Type 4 HARQ-ACK Codebook, some companies proposed that it is triggered using a new “one-shot trigger” in a DL Grant scheduling a PUCCH only [2] and/or a new “one-shot trigger” in an UL Grant scheduling a PUSCH to retransmit the dropped HARQ-ACKs [3] [4].  The PUSCH can be triggered to carry only dropped HARQ-ACK, i.e. without any uplink data.  This trigger would allow the gNB to trigger for HARQ-ACK retransmission without the need to also schedule data transmission to or from the UE, which can reduce latency.
Proposal 3: Consider a new “one-shot trigger” to trigger a new Type 4 HARQ-ACK Codebook to retransmit only dropped HARQ-ACK(s), where this “one-shot trigger” can be transmitted using a DL Grant that can schedule a PUCCH without a PDSCH and/or an UL Grant that can schedule a PUSCH without any uplink data.

The following options were considered in RAN1#104bis-e on the definition of “dropped HARQ-ACK” that are to be retransmitted using the new “one-shot trigger”:
· Option 1: the last dropped PUCCH occasion is to be re-transmitted 
· Option 2: dynamic indication of the PUCCH occasion that is to be re-transmitted
· Option 3: based on a timing window of the PUCCH occasion(s) that is/are to be re-transmitted

Option 1 retransmits the HARQ-ACK of the last dropped PUCCH which may be reasonable for URLLC but is limited to only being applicable to 1 dropped PUCCH.  Option 2 allows dynamic indication of which PUCCH occasion to retransmit, which provides high flexibility but requires additional overhead in the DCI.  Option 3 retransmits HARQ-ACK of PUCCHs within a time window, which is not as limited as Option 1 but lack sthe flexibility of Option 2.  Option 1 can be implemented using Option 3 by configuring a short time window such that it captures only 1 dropped PUCCH.  These 3 options should be further discussed.
Proposal 4: Further consider the following 3 options on the definition of “dropped HARQ-ACK” under the context of HARQ-ACK retransmission:
· Option 1: the last dropped PUCCH occasion is to be re-transmitted 
· Option 2: dynamic indication of the PUCCH occasion that is to be re-transmitted
· Option 3: based on a timing window of the PUCCH occasion(s) that is/are to be re-transmitted


3. Conclusion
In this contribution, we discuss some aspects on retransmissions of dropped HARQ-ACK.  We observe the following: 
Observation 1: Since the size of Type 3 HARQ-ACK Codebook is semi-static, any enhancement made to Type 3 HARQ-ACK Codebook for overhead reduction can never be as effective as a new HARQ-ACK codebook that retransmits only dropped HARQ-ACK.

We therefore propose the following:
Proposal 1: Do not support enhancements for Type 3 HARQ-ACK Codebook.
Proposal 2: Consider introducing one shot trigger for Type 3 Codebook in DCI Format 1_2.
Proposal 3: Consider a new “one-shot trigger” to trigger a new Type 4 HARQ-ACK Codebook to retransmit only dropped HARQ-ACK(s), where this “one-shot trigger” can be transmitted using a DL Grant that can schedule a PUCCH without a PDSCH and/or an UL Grant that can schedule a PUSCH without any uplink data.
[bookmark: _GoBack]Proposal 4: Further consider the following 3 options on the definition of “dropped HARQ-ACK” under the context of HARQ-ACK retransmission:
· Option 1: the last dropped PUCCH occasion is to be re-transmitted 
· Option 2: dynamic indication of the PUCCH occasion that is to be re-transmitted
· Option 3: based on a timing window of the PUCCH occasion(s) that is/are to be re-transmitted
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