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Introduction
In RAN1 #103e, HARQ-ACK feedback enhancements for enhanced IoT and URLLC were discussed with following agreements:
Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 
Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …

Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
0. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
1. FFS: Details
1. HARQ bundling / compression (Alt. 3)
2. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
3. The skipping / disabling is higher-layer configured per SPS configuration
3. FFS: HARQ-ACK skipping behaviour for Type 1 CB
In this contribution, we show our views on the HARQ-ACK enhancements for Rel-17 IoT and URLLC.
Discussion
Subslot-based Type-1 HARQ-ACK Codebook
In Rel-15, two kinds of HARQ-ACK codebooks are supported, i.e. type-1 codebook and type-2 codebook. The payload of type-1 codebook is semi-statically determined based on RRC signaling and the payload of type-2 codebook is dynamically determined based on PDSCH scheduling. The advantages of type-1 codebook include lower DCI overhead and no ambiguity on the size of codebook caused by DL grant missing, and the advantage of type-2 codebook is lower UCI overhead. 
In Rel-16 URLLC, subslot-based HARQ-ACK feedback is supported to reduce the HARQ-ACK feedback delay. However, only type-2 codebook can be configured with subslot PUCCH. In Rel-17, subslot-based type-1 HARQ-ACK codebook should be supported to achieve lower DCI overhead.
Proposal 1: Subslot-based type-1 HARQ-ACK codebook should be supported in Rel-17.
To support subslot based type-1 codebook, K1 should be defined following Rel-15 approach but in unit of subslot, then a slight modification for determining the PDSCH occasion is needed. In current pseudo-code for determining the set of occasions for candidate PDSCH receptions, the cardinality of TDRA rows are firstly excluded based on the TDD UL-DL configurations, then the overlapped rows are removed. One example is shown in Figure 1, five rows are configured in TDRA table, and a set of occasions for candidate PDSCH receptions includes PDSCH occasion 1 and 4 for slot-based type-1 codebook.
If sub-slot based type-1 codebook is supported, the cardinality of TDRA rows for a given sub-slot should be determined to avoid redundant reserved bit for type1 codebook. It is nature to restrict TDRA rows within a given sub-slot. However, some TDRA rows may cross sub-slot boundary. It should be specified which sub-slot TDRA rows crossing sub-slot boundary belongs to. One solution is that sub-slot that TDRA row belongs to is determined by the ending symbol of the TDRA row, which aligns with definition of PDSCH-to-HARQ-ACK timing that starts from ending of PDSCH.  Specifically, if the last symbols of the PDSCH time resource derived by a TDRA row r is not in the subslot, row r is removed from the cardinality of TDRA rows. Take the example shown in Figure 1:
· For subslot 1, the set of occasions for candidate PDSCH receptions includes TDRA row 1;
· For subslot 2, the set of occasions for candidate PDSCH receptions includes TDRA row 3 and 4.
Proposal 2: If subslot-based type-1 HARQ-ACK codebook is supported, to determine the occasions for candidate PDSCH receptions, the following limitation should be considered:
· For a given subslot, if the last symbols of the PDSCH time resource derived by a TDRA row r is not in the subslot, row r is removed from the cardinality of TDRA rows.


Figure 1. The sets of occasions for candidate PDSCH receptions
Retransmission of Cancelled HARQ-ACK 
In Rel-16, to resolve intra-UE/inter-UE collision between UL transmissions, HARQ-ACK can be cancelled.  Generally, the cancelled HARQ-ACK is usually corresponding to the low-priority transmission, i.e. eMBB transmission, once the HARQ-ACK is canceled, significant system efficiency loss can be expected, since:
· Retransmission of large amount of data will reduce the DL system efficiency; then
· More collisions between UL transmissions may occur.
In order to reduce the impact caused by the cancellation of HARQ-ACK transmission, HARQ-ACK retransmission should be supported. The following methods to retransmit the cancelled HARQ-ACK can be considered:
· Option 1: Type-3 codebook is triggered to retransmit the cancelled HARQ-ACK.
· Option 2: An UL grant schedules a PUSCH without UL-SCH to retransmit the cancelled HARQ-ACK.
· Option 3: A DL grant is used to indicate a PUCCH resource to retransmit the cancelled HARQ-ACK. 
For option 1, a new HARQ-ACK codebook should be generated for HARQ-ACK retransmission. Multiple redundant HARQ-ACK bits will be transmitted together with the cancelled HARQ-ACK, especially when multiple HARQ processes and/or serving cells are configured to the UE. 
For option 2 and 3, the cancelled HARQ-ACK codebook with/without other UCI can be directly retransmitted on a new resource. For option 2, on the one hand, UCI with small payload transmission in PUSCH needs to study. On the other hand, PUSCH transmission is inefficient without supporting multiple user multiplexing and less reliable due to channel structure. For option 3, PUCCH resource in another slot can be directly configured for UCI retransmission. From the perspective of efficiency and complexity, we suggest that option 3 should be supported for HARQ-ACK retransmission.
Proposal 3: Retransmission of cancelled HARQ-ACK should be supported for Rel-17 URLLC.
Proposal 4: A DL grant used to indicate a PUCCH resource for UCI retransmission should be supported.
Determining the PUCCH resource for SPS PDSCH
To avoid SPS HARQ-ACK dropping for TDD, the following methods should be further studied:
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH.
For a next available PUCCH, there are different definitions:
· Option 1-1: the first semi-static UL slot 
SPS HARQ-ACK is transmitted in the first semi-static UL slot after slot n+k. Then, a PUCCH resource within the slot is determined based on the total number of SPS HARQ-ACK bits associated to the slot.
· Option 1-2: the first slot with compatible UL-DL configuration for PUCCH. 
SPS HARQ-ACK is transmitted in the first slot, containing an available valid PUCCH resource, after slot n+k. Specifically, for slot m after slot n+k, UE firstly determines a PUCCH resource based on the total number of SPS HARQ-ACK bits associated to slot m. If all of the symbols of the PUCCH resource are uplink symbols, slot m is the first slot containing an available valid PUCCH resource.
· Option 1-3: the dedicated slot, e.g. determined by definite K1 for each UL slot.
A set of UL slots is configured for SPS HARQ-ACK transmission, and separated K1 is configured for each UL slot, i.e. gNB indicates the last DL slot associated with each UL slot. For a given UL slot, the untransmitted HARQ-ACKs of the SPS PDSCHs before the last DL slot are deferred to the given UL slot. Then one PUCCH resource within the given UL slot is determined based on Rel-16 mechanism.


Figure 2: Options for deferring SPS HARQ-ACK
The feedback latency of option 1-2 may be minimum, but the procedure of option 1-2 is more complex than option 1-1. Considering the determination of the first available PUCCH is semi-statically performed based on both the SPS configuration and TDD UL-DL configuration, the complexity may be not a problem. Compared with option 1-1 and option 1-2, the advantages of option 1-3 including:
· The gNB flexibly controls the PUCCH overhead in the system, since the number of UL slots used to transmit SPS HARQ-ACK is configured by the gNB.
· The almost uniform UCI payload of each PUCCH can be configured by the gNB to guarantee the PUCCH coverage. 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
If the HARQ-ACK feedback for SPS PDSCHs is dynamically indicated by DCI, the one of the most important benefit of SPS transmission, i.e. DCI overhead reduction, will be reduced. Furthermore, considering the large overhead of type-3 HARQ-ACK codebook, if the HARQ-ACK corresponding to all HARQ processes on all of the serving cells are transmitted to avoid the dropping of SPS HARQ-ACK, the loss of UL efficiency can also be excepted.
Proposal 5: Deferring SPS HARQ-ACK until a next (e.g., first) available PUCCH.
· A set of UL slots is configured to transmit SPS HARQ-ACK, and separated K1 is configured for each UL slot.
· For a given UL slot, the untransmitted HARQ-ACKs of the SPS PDSCHs before the DL slot corresponding to the indicated K1 are deferred to the given UL slot.
· A PUCCH resource within the slot is determined based on Rel-16 mechanism.
SPS HARQ skipping for skipped SPS PDSCH
To enhance the HARQ-ACK feedback for skipped SPS PDSCH, it was agreed that the further discussions should focus on the following methods:
· Option 1: NACK skipping for (skipped) SPS PDSCH.
NACK skipping can be configured per SPS configuration or per UE. For a HARQ-ACK codebook only including HARQ-ACK corresponding to the SPS configurations with NACK skipping, if all of the information is NACK, UE can skip the HARQ-ACK codebook.
· Option 2: Dynamic indication of skipped SPS PDSCH occasions.
The introduction of an additional dynamic signaling to indicate SPS PDSCH skipping will lead to the loss of system efficiency and the complexity of spec design and UE implementation.
Comparing option2, option 1 has less spec impact and higher system efficiency. So, option 1 is preferred for skipped SPS PDSCH.
Proposal 6: For a HARQ-ACK codebook only including HARQ-ACK corresponding to the SPS configurations with NACK skipping, if all of the information is NACK, UE can skip the HARQ-ACK codebook.
SPS HARQ-ACK payload size reduction 
The HARQ-ACK codebook for SPS PDSCH can be enhanced to achieve lower UCI overhead. The following methods can be proposed:
· Alt.1: ACK skipping.
The PUCCH resource configured for SPS HARQ-ACK cannot be reused even the ACK is skipped. Furthermore, ACK skipping cannot work when NACK skipping is configured to support SPS PDSCH skipping.
· Alt.2: NACK skipping
NACK skipping is proposed to enhance the HARQ-ACK feedback for skipped SPS PDSCH. From UE’s perspective, it may be hard to distinguish a SPS NACK is caused by the SPS PDSCH missing or SPS PDSCH skipping. Once NACK skipping is configured, it can also achieve HARQ-ACK payload size reduction.
· Alt.3: HARQ bundling/compression
· Alt. 3-1: The HARQ-ACK codebook for SPS PDSCHs is determined based on the HARQ processes of the multiple SPS PDSCH resources associated with the same PUCCH (discussed in section 2.3). 
One example is shown in Figure 3, 8 SPS PDSCH resources are associated with one PUCCH. The SPS resources of SPS configuration 1 are used to transmit HARQ process 6, 7, 8 and 0, and the SPS resources of SPS configuration 2 are used to transmit HARQ process 0, 1 and 2. Three SPS resources are used to transmit HARQ process 0. Since a given HARQ process cannot be rescheduled before the transmission of corresponding HARQ-ACK feedback, at least two SPS PDSCHs for HARQ process 0 cannot be transmitted. Therefore, only 6 HARQ-ACK bits need to be included in the SPS HARQ-ACK codebook.

Figure 3: SPS HARQ-ACK codebook determined based on the HARQ processes
· Alt. 3-2: Multiple SPS configurations are configured to share one HARQ-ACK bit. One example is shown in Figure 4, SPS configuration 1~3 are configured for one service to solve the jitter problem. During each periodicity, at most one SPS PDSCH will be transmitted, then only one HARQ-ACK bit should be fed back for each periodicity.

 
Figure 4: Multiple SPS PDSCH sources share one HARQ-ACK bit in SPS HARQ-ACK codebook 
· Alt.4: HARQ-ACK disabling/skipping for certain SPS configurations
For the SPS configuration with extremely short delay, one-shot PDSCH transmission should be configured by high-layer signalling, i.e. SPS configuration without HARQ-ACK feedback. The HARQ-ACK disabling/skipping is only used for the SPS HARQ-ACK-only codebook, and the payload size of Type-1 HARQ-ACK codebook including HARQ-ACK bit corresponding to a DCI for SPS release or dynamic PDSCH is not changed.
Proposal 7: The following two methods for SPS HARQ-ACK compression should be supported:
· The HARQ-ACK codebook for SPS PDSCHs is determined based on the HARQ processes of the multiple SPS PDSCH resources associated with the same PUCCH.
· Multiple SPS configurations are configured to share one HARQ-ACK bit.
Proposal 8: The HARQ-ACK skipping/disabling is higher-layer configured per SPS configuration.
· The payload size of Type-1 HARQ-ACK codebook including HARQ-ACK corresponding to a DCI for SPS release or dynamic PDSCH is not changed.
Conclusions
In this contribution, we show our views on the HARQ-ACK enhancements for Rel-17 IoT and URLLC with following proposals:
Proposal 1: Subslot-based type-1 HARQ-ACK codebook should be supported in Rel-17.
[bookmark: _GoBack]Proposal 2: If subslot- based type-1 HARQ-ACK codebook is supported, to determine the occasions for candidate PDSCH receptions, the following limitation should be considered:
· For a given subslot, if the last symbols of the PDSCH time resource derived by a TDRA row r is not in the subslot, row r is removed from the cardinality of TDRA rows.
Proposal 3: Retransmission of cancelled HARQ-ACK should be supported for Rel-17 URLLC.
Proposal 4: A DL grant used to indicate a PUCCH resource for UCI retransmission should be supported.
Proposal 5: Deferring SPS HARQ-ACK until a next (e.g., first) available PUCCH.
· A set of UL slots is configured to transmit SPS HARQ-ACK, and separated K1 is configured for each UL slot.
· For a given UL slot, the untransmitted HARQ-ACKs of the SPS PDSCHs before the DL slot corresponding to the indicated K1 are deferred to the given UL slot.
· A PUCCH resource within the slot is determined based on Rel-16 mechanism.
Proposal 6: For a HARQ-ACK codebook only including HARQ-ACK corresponding to the SPS configurations with NACK skipping, if all of the information is NACK, UE can skip the HARQ-ACK codebook.
Proposal 7: The following two methods for SPS HARQ-ACK compression should be supported:
· The HARQ-ACK codebook for SPS PDSCHs is determined based on the HARQ processes of the multiple SPS PDSCH resources associated with the same PUCCH.
· Multiple SPS configurations are configured to share one HARQ-ACK bit.
Proposal 8: The HARQ-ACK skipping/disabling is higher-layer configured per SPS configuration.
· The payload size of Type-1 HARQ-ACK codebook including HARQ-ACK corresponding to a DCI for SPS release or dynamic PDSCH is not changed.
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