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Introduction
In RAN1 #104e, HARQ-ACK feedback enhancements for enhanced IoT and URLLC were discussed with following agreements:
Agreements:
· [bookmark: _Hlk62406356]Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation
[bookmark: _Hlk62747561]Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral
Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed
Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition
Agreements: Rel-16 UCI multiplexing / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.
Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity (TBD) of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0 >1)  
· FFS: if there is a limit on the maximum deferral given in terms of e.g. k1def <=X or k1+k1def <=X

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
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
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, eight rows are configured in TDRA table, and the set of slot-based occasions for candidate PDSCH receptions includes 4 occasions, i.e. {O1(#1, #5), O2 (#2, #6), O3(#3, #7), O4(#4, #8)}.
If subslot based type-1 codebook is supported, the cardinality of TDRA rows for a given sub-slot should be restricted within the given sub-slot. One solution is that cardinality of TDRA rows  is further limited by the ending symbol. 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 2 occasions, i.e. {O1(#1, #5), O2 (#6)};
· For subslot 2, the set of occasions for candidate PDSCH receptions includes 3 occasions, i.e. {O1(#2, #7), O2 (#3, #8), O3(#4)}.
From the point of view of a slot, one more occasion is reserved for the subslot based type-1 codebook. However, considering the following advantages, we support to remove the row r whose last symbol is not in the given subslot.
· The size of subslot Type-1 CB is reduced significantly. Assuming the K1 set configured for DCI format 1_1 is {1, 2, 3, 4} and TDRA table in Figure 1 is configured to a UE, the slot-based Type-1 CB contains 4+4+4+4=16 occasions, but the subslot-based Type-1 CB contains 2+3+2+3=10 occasions. The payload size of subslot-based Type-1 codebook is 37.5% lower than that of slot-based Type-1 codebook.
· Less specification impacts. 


Figure 1. The sets of occasions for candidate PDSCH receptions
Proposal 1: To determine the occasions for candidate PDSCH receptions for subslot-based Type-1 HARQ-ACK codebook, the following limitation should be considered:
· For a given subslot, if the last symbol 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.

Transmission of SPS HARQ-ACK dropped due to TDD specific collisions
(1) Configuration per SPS configuration or per PUCCH group?
In RAN1 #104-e, the configuration of the deferring of SPS HARQ-ACK dropped due to TDD was discussed and the following two options were proposed:
· Option 1: per PUCCH cell group. 
· Option 2: per SPS configuration. 
Different SPS configurations can have different latency requirements. For the SPS configuration with extremely short delay, “HARQ-ACK disabling /skipping for certain SPS configurations” was proposed. For some other SPS configuration, if HARQ-ACK can be transmitted with small k1, the feedback is useful; otherwise, redundant HARQ-ACK bits are transmitted. For some SPS configurations with lager latency requirements, SPS HARQ-ACK deferring can effectively improve the retransmission efficiency. Therefore, we support that the deferring of SPS HARQ-ACK dropped due to TDD specific collisions is configured by RRC per SPS configuration.
Proposal 2: The deferring of SPS HARQ-ACK dropped due to TDD specific collisions is configured by RRC per SPS configuration.

(2) Conditions for deferral from /within the initial slot
The following conditions to determine the deferral of SPS HARQ-ACK were proposed in RAN1 #104:
· Alt. 1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid.
· Alt. 2: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using SPS-PUCCH-AN-List-r16, n1PUCCH-AN or other configured PUCCH resource(s) is not valid.
· Alt.3: Defer if there is no available symbol for an UL transmission in the initial slot/sub-slot.
To simplify the terminal implementation, we suggest that:
· The deferral of SPS HARQ-ACK should be semi-statically determined, i.e. the deferral result should not be changed by the reception of a dynamic PDSCH. In other words, deferral should be before multiplexing decision.
· The UE using one uniform condition to check the validity of a target slot/subslot starting from the initial slot. In other words, the condition used to determine the deferral from the initial slot/subslot should also be used to check the validity of a target slot/subslot.
· Only PUCCH resources configured to SPS PDSCH is used to check the validity of a target slot/sub-slot. Reasonable SPS-PUCCH-AN-List-r16 or n1PUCCH-AN can alleviate SPS HARQ-ACK dropping to some extent. Increasing PUCCH resource for SPS HARQ-ACK leads complex spec and implementation work.
Specifically, after receiving k1 from the activation DCI, a set of SPS-PDSCH-to-HARQ feedback timing values should be determined by the UE for one SPS configuration. We support the above Alt.1 is used as the uniform condition to check the validity of a target slot/subslot starting from the initial slot.
Proposal 3: Deferral should be before multiplexing decision.
Proposal 4: To determine the target slot/subslot for deferring SPS HARQ-ACK starting from the initial slot/subslot
· Deferral only, if the SPS HARQ-ACK in one slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid.

(3) Limitations on k1def - minimum or maximum value
The maximum timing between SPS PDSCH and corresponding SPS HARQ-ACK should be limited, in order to avoid the ineffective HARQ-ACK feedback, i.e. the transmission of SPS HARQ-ACK exceeds the maximum latency. One approach is the maximum value of  k1+ k1def of one SPS configuration is same as the maximum value of k1 corresponding to the DCI format used to activate the SPS configuration. On the other hand, the minimum value of k1def is not needed.
Proposal 5: The maximum value of the total PDSCH to HARQ-ACK delay/offset, i.e. k1+k1def, of one SPS configuration is same as the maximum value of K1 set corresponding to the DCI format used to activate the SPS configuration.

(4) Out-of-order HARQ conditions and HARQ process re-use issues
As mentioned above, we support the deferral of SPS HARQ-ACK is semi-statically determined. In this case, the OOO issue caused by DG PDSCH should be avoided by gNB scheduling. On the other hand, the OOO issue caused by SPS PDSCH need to be solved.
Case 1: A later SPS PDSCH corresponds to an early PUCCH resource.
One example is shown in Figure 2, the HARQ feedback timing (k1) of both SPS configuration 1 and SPS configuration 2 is 1, and PUCCH resource 1 is configured for up to 2 UCI bits and PUCCH 2 is configured for more than 2 UCI bit. The non-deferred HARQ-ACKs of SPS PDSCH 2 and 3 can be transmitted on PUCCH 1 in slot n+2, and the deferred HARQ-ACKs of SPS PDSCH 0, 1 and 4 are transmitted on PUCCH 2 in slot n+4 with the non-deferred HARQ-ACKs of SPS PDSCH 5 and 6. To solve this OOO issue, the following options can be considered:
· Option 1: To check the validity of a slot for deferral of SPS HARQ-ACK, a PUCCH resource is determined based on the total number of SPS HARQ-ACK associated to the slot. Specifically, for slot n+2 in Figure 2, PUCCH 2 is determined based the total HARQ-ACKs of SPS PDSCH 0~3. Since PUCCH 2 is not valid in slot n+2, HARQ-ACKs of SPS PDSCH 0~3 are deferred into slot n+4. The disadvantages of this option include:
· The feedback latency of SPS PDSCH 2 and 3 is increased, but it does not exceed the maximum latency of SPS configuration 1 and 2.
· The probability of the following case 2 may be increased. The longer the deferring feedback timing, the higher probability of more SPS resources configured for the same HARQ process are associated to one slot to transmit HARQ-ACK.
· Option 2: To check the validity of a slot for deferral of SPS HARQ-ACK, if a PUCCH resource A is determined based on both the deferred SPS HARQ-ACKs and the non-deferred SPS HARQ-ACKs associated to the slot is not valid, and a PUCCH resource B is determined based on the non-deferred SPS HARQ-ACKs associated to the slot is valid, the UE transmits the non-deferred SPS HARQ-ACKs in the slot and drop the deferred SPS HARQ-ACK. Take Figure 2 as an example, HARQ-ACKs of SPS PDSCH 2 and 3 are transmitted in slot n+2, and HARQ-ACKs of SPS PDSCH 0 and 1 are dropped (same as Rel-16). The main disadvantage of this option is SPS HARQ-ACK dropping cannot be completely avoided. However, compared with Rel-16, the probability of dropping of SPS HARQ-ACKs is reduced.


Figure 2: One example of case 1
Proposal 6: To check the validity of a slot for deferral of SPS HARQ-ACK, a PUCCH resource is determined based on the total number of SPS HARQ-ACK associated to the slot.

Case 2: A later SPS PDSCH with a given HARQ process is transmitted before the feedback of an early SPS PDSCH with the same HARQ process.
One example is shown in Figure 3, HARQ process 0 of SPS configuration 1 is transmitted in slot n, and the corresponding HARQ-ACK is deferred to slot n+4. The same HARQ process of SPS configuration 2 is transmitted slot n+2.
To solve this issue, we suggest that if HARQ-ACK corresponding to a first SPS PDSCH with a given HARQ process is transmitted in slot j, and a second SPS PDSCH with the same HARQ process is transmitted before slot j, the UE can drop the HARQ-ACK information corresponding to the first SPS PDSCH. The performance of the first SPS PDSCH is same as Rel-16, i.e. no HARQ-ACK feedback. No additional scheduling limitation is introduced for SPS PDSCH.


Figure 3: One example of case 2
[bookmark: _GoBack]Proposal 7: If HARQ-ACK corresponding to a first SPS PDSCH with a given HARQ process is deferred to slot j, and a second SPS PDSCH with the same HARQ process is transmitted before slot j, the UE can drop the HARQ-ACK information corresponding to the first SPS PDSCH and is expected to receive a second SPS PDSCH with the same HARQ process.
Retransmission of Cancelled HARQ-ACK 
In RAN1 #104e, the following methods were proposed to retransmit the cancelled HARQ-ACK:
· One-shot triggering of Enhanced Type 3 CB
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration or activation
· One-shot triggering of a ‘Type 4’ CB 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells) but the size of the codebook is NOT given by RRC configuration and/or activation 
· One-shot triggering of dropped HARQ-ACK 
· The UE is provided a trigger and a PUSCH/PUCCH resource to transmit the dropped HARQ-ACK.
For enhanced type 3 CB , a new HARQ-ACK codebook should be generated for HARQ-ACK retransmission. 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 Type-4 CB, additional DCI overhead is needed to reduce the redundant HARQ-ACK bits. However, the redundant HARQ-ACK bits can hardly be eliminated.
For the last option, the cancelled HARQ-ACK codebook with/without other UCI can be directly retransmitted on a new resource. No redundant HARQ-ACK bits exists.  For PUSCH transmission, UCI with small payload transmission in PUSCH without UL-SCH needs to be studied. For PUCCH transmission, PUCCH resource in another slot can be directly configured for UCI retransmission. Compared with PUCCH transmission, PUSCH transmission is inefficient due to not supporting multiple user multiplexing and less reliable due to the channel structure.
From the perspective of efficiency and complexity, we suggest that a PUCCH is triggered to retransmit the dropped HARQ-ACK.
Proposal 8: A DL grant used to indicate a PUCCH resource for UCI retransmission should be supported.
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 9: 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 4, 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 4: 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 5, 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 5: 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 codebook as described in TS 38.213 Clause 9.1.2, 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 10: 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 11: The HARQ-ACK skipping/disabling is higher-layer configured per SPS configuration.
· The HARQ-ACK disabling/skipping is only used for the SPS HARQ-ACK codebook as described in TS 38.213 Clause 9.1.2.
· 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: To determine the occasions for candidate PDSCH receptions for subslot-based Type-1 HARQ-ACK codebook, the following limitation should be considered:
· For a given subslot, if the last symbol 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 2: The deferring of SPS HARQ-ACK dropped due to TDD specific collisions is configured by RRC per SPS configuration.
Proposal 3: Deferral should be before multiplexing decision.
Proposal 4: To determine the target slot/subslot for deferring SPS HARQ-ACK starting from the initial slot/subslot
· Deferral only, if the SPS HARQ-ACK in one slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid.
Proposal 5: The maximum value of the total PDSCH to HARQ-ACK delay/offset, i.e. k1+k1def, of one SPS configuration is same as the maximum value of K1 set corresponding to the DCI format used to activate the SPS configuration.
Proposal 6: To check the validity of a slot for deferral of SPS HARQ-ACK, a PUCCH resource is determined based on the total number of SPS HARQ-ACK associated to the slot.
Proposal 7: If HARQ-ACK corresponding to a first SPS PDSCH with a given HARQ process is deferred to slot j, and a second SPS PDSCH with the same HARQ process is transmitted before slot j, the UE can drop the HARQ-ACK information corresponding to the first SPS PDSCH and is expected to receive a second SPS PDSCH with the same HARQ process.
Proposal 8: A DL grant used to indicate a PUCCH resource for UCI retransmission should be supported.
Proposal 9: 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 10: 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 11: The HARQ-ACK skipping/disabling is higher-layer configured per SPS configuration.
· The HARQ-ACK disabling/skipping is only used for the SPS HARQ-ACK codebook as described in TS 38.213 Clause 9.1.2.
· 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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