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Introduction
[bookmark: _Hlk53780111]During RAN1 #103-e meeting, RAN1 made following agreements regarding UE HARQ-ACK feedback enhancement for Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) [1]:
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: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.

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

Further, in RAN #90-e meeting, RAN made the following conclusion for discussion of PUCCH repetitions for Rel-17 IIoT/URLLC WI.

Proposed RAN conclusion on IIoT scope: 
· For handling of the PUCCH repetitions it is proposed to proceed as follows:
 RAN1 to continue discussion on PUCCH repetition, whether to specify or not, in the IIoT/URLLC WI for single TRP.
o The following items are not within scope of the continued discussions in the IIoT/URLLC WI:
 DMRS-less PUCCH with UCI payload up to 11 bits
 PUSCH-repetition-Type-B like PUCCH repetition
 DMRS bundling across PUCCH repetitions
 PUCCH repetition issues with multi-TRP to be handled in Fe-MIMO WI.
· For the UE CSI/HARQ-ACK feedback enhancements in the IIoT/URLLC WI, RAN1 work to continue the discussions. Status to be checked in March if any RAN level guidance needed.
· RAN1 to continue discussion on A-CSI on PUCCH, whether to specify or not.

In this document, we discuss details for deferred HARQ-ACK transmission and Type-3 HARQ-ACK codebook based HARQ-ACK retransmission, to handle a SPS HARQ-ACK dropping issue in TDD. Further, SPS HARQ-ACK skipping for HARQ-ACK payload reduction and PUCCH carrier switching are also discussed.
Solutions to SPS HARQ-ACK dropping issue in TDD
In Rel-16 NR, a UE can be configured with multiple DL SPS configurations for a given BWP, and more than one SPS configuration for the UE can be active at a given time at a given serving cell. If a periodicity of a DL SPS configuration is set to a small value (e.g. 1 slot, 1ms, 0.5ms) and/or if multiple DL SPS configurations are active, the UE is expected to transmit HARQ-ACK feedback of SPS PDSCHs very frequently according to a configured pattern (i.e. based on the semi-statically configured PUCCH resource index and semi-persistently configured PDSCH-to-HARQ feedback delay). However, with dynamic TDD operations in non-paired spectrum, it may be difficult to guarantee uplink regions for configured HARQ-ACK transmission occasions. 
According to 3GPP TS 22.104, a system for Industrial Internet of Things (IIoT) communications is considered unavailable to the cyber-physical application, when an expected message is not received (e.g. transfer time is greater than the maximum end-to-end latency) by the application after application’s survival time expires. Followings are definitions of key performance related metrics [2]:
	communication service availability: percentage value of the amount of time the end-to-end communication service is delivered according to an agreed QoS, divided by the amount of time the system is expected to deliver the end-to-end service according to the specification in a specific area.
NOTE 2:	The end point in "end-to-end" is assumed to be the communication service interface.
NOTE 3:	The communication service is considered unavailable if it does not meet the pertinent QoS requirements. If availability is one of these requirements, the following rule applies: the system is considered unavailable if an expected message is not received within a specified time, which, at minimum, is the sum of maximum allowed end-to-end latency and survival time.
survival time: the time that an application consuming a communication service may continue without an anticipated message.
end-to-end latency: the time that takes to transfer a given piece of information from a source to a destination, measured at the communication interface, from the moment it is transmitted by the source to the moment it is successfully received at the destination.
transfer interval: time difference between two consecutive transfers of application data from an application via the service interface to 3GPP system. 



According to Table 5.2-1 of 3GPP TS 22.104, depending on applications, periodic deterministic communication services may have transfer intervals of 0.5ms, 1ms, 2ms, 10ms, and 50ms, and may have survival time same as the transfer interval or three times as long as the transfer interval.   
With the stringent requirements on survival time, delaying HARQ-ACK feedback beyond a certain time may not be useful, since the communication service may be considered unavailable after survival time. Thus, it may be beneficial that gNB configures a UE with the maximum allowed time duration of delaying HARQ-ACK feedback for a given SPS PDSCH or a set of consecutive SPS PDSCHs (from the same or different SPS configurations), taking into account survival time of applications and end-to-end latency. The time duration for delaying HARQ-ACK feedback with respect to original HARQ-ACK feedback timing can be indicated, for example, as a number of time units (e.g. slots, symbols). If the UE cannot transmit HARQ-ACK information within the configured maximum HARQ-ACK feedback delay, the UE may discard the HARQ-ACK information. 
Observation 1: In SPS operation for IIoT, delaying HARQ-ACK feedback beyond a certain time may not be useful, since the communication service may be considered unavailable after survival time.
Proposal 1: Define the maximum allowed HARQ-ACK feedback delay for a given SPS PDSCH or a set of consecutive SPS PDSCHs.
Proposal 2: If UE cannot transmit HARQ-ACK information within the configured maximum HARQ-ACK feedback delay, the UE may discard the HARQ-ACK information. 
Deferred HARQ-ACK transmission 
In this subsection, we discuss HARQ-ACK codebook construction for deferred HARQ-ACK transmission.
If a UE has a delayed HARQ-ACK codebook associated with a previous PUCCH occasion (i.e. a previous HARQ-ACK feedback occasion) and if the UE is scheduled to transmit HARQ-ACK information on a current PUCCH occasion (i.e. a current HARQ-ACK feedback occasion), the UE can construct an aggregated HARQ-ACK codebook by concatenating a current HARQ-ACK codebook scheduled on the current PUCCH occasion and the delayed HARQ-ACK codebook. Constructing the current HARQ-ACK codebook only based on the HARQ-ACK information scheduled on the current PUCCH occasion may reduce UE complexity, since the UE does not have to reorder HARQ-ACK information scheduled on the previous PUCCH occasion. The UE can simply attach (e.g. prepend or append) the delayed HARQ-ACK codebook to the current HARQ-ACK codebook to generate the aggregated HARQ-ACK codebook. Since each codebook (i.e. the current and delayed codebooks) is constructed according to a configured codebook type (i.e. semi-static vs dynamic codebook), specification efforts may not be significant.
In order to maintain a proper payload size for deferred HARQ-ACK, a UE may further receive information of a subset of SPS PDSCH configurations of a serving cell and/or a subset of serving cells for which the UE can defer HARQ-ACK feedback, when a PUCCH occasion for the HARQ-ACK feedback is not available for transmission. When the UE constructs an aggregated HARQ-ACK codebook based on a delayed HARQ-ACK codebook and a current HARQ-ACK codebook, the UE may include the current HARQ-ACK codebook and only HARQ-ACK bits corresponding to the subset of SPS PDSCH configurations of the serving cell and/or HARQ-ACK bits corresponding to the subset of serving cells from the delayed HARQ-ACK codebook in the aggregated HARQ-ACK codebook. 
Proposal 3: Support deferred HARQ-ACK transmission with concatenation of a delayed HARQ-ACK codebook and a current scheduled HARQ-ACK codebook to construct an aggregated HARQ-ACK codebook. 
Dynamic triggering of a one-shot / Type-3 HARQ-ACK codebook type of re-transmission
As another solution approach to SPS HARQ-ACK dropping in TDD, Type-3 HARQ-ACK codebook based HARQ-ACK retransmission was discussed. 
For HARQ-ACK retransmission with Type-3 HARQ-ACK codebook, in one example, UE can autonomously use a configured grant (CG)-PUSCH resource. That is, when a configured PUCCH resource for HARQ-ACK transmission is not available, UE may multiplex the corresponding HARQ-ACK information in the next earliest CG-PUSCH for reporting HARQ-ACK, where the multiplexed HARQ-ACK information depends on the maximum allowed time duration of delaying HARQ-ACK feedbacks. The max allowed duration for delaying may be determined based on latency requirement of the traffic or based on the survival time defined for IIoT/URLLC application. A HARQ-ACK report for all HARQ processes may be transmitted in one shot in a CG-PUSCH resource so that there is no ambiguity in terms of HARQ-ACK codebook. When CG-UCI in CG PUSCH is configured for a UE, one bit in the CG-UCI may be used to indicate that CG PUSCH includes multiplexed the HARQ-ACK report. 
Proposal 4:  Support one shot HARQ-ACK transmission for all HARQ processes in a CG-PUSCH resource. 
Skipping HARQ-ACK feedback for SPS HARQ-ACK payload reduction
[bookmark: _GoBack]In RAN1#103-e, four methods have been agreed for further discussion on skipping HARQ-ACK transmission of non-skipped SPS PDSCH. The four methods include only ACK skipping, only NACK skipping, HARQ-ACK bundling and HARQ-ACK disabling/skipping. One of the main motivations here is to allow for HARQ-ACK payload size reduction. From this point of view, skipping or disabling completely the HARQ-ACK transmission would be an optimal method. However, the main issue here would be to consider the duration for which HARQ-ACK can be skipped or disabled. Basically, without adversely affecting the reliability, for how many SPS PDSCH, the corresponding HARQ-ACK can be skipped. In our view, the skipping instances/duration can be based upon the survival time. According to Table 5.2-1 of 3GPP TS 22.104, survival time is the time for which application run without an anticipated message. Alternatively, it can also be referred to as consecutive number of transmission failures. Therefore, based on the assumption if the application is still able to continue running without necessarily requiring HARQ-ACK feedback for N number of transmissions, HARQ-ACK skipping (both ACK and NACK feedback can be supported) can be enabled. The exact duration/instances for which HARQ-ACK can be continuously skipped could be configured based on the survival time requirement of the application. This also removes any ambiguity in terms of HARQ-ACK codebook as the gNB is aware about the exact number of instances for skipping HARQ-ACK. Otherwise, for other methods when only ACK or NACK is skipped, further enhancements might be needed such that there is no ambiguity in terms of HARQ-ACK codebook.
Proposal 5: In NR URLLC Rel-17, support skipping of HARQ-ACK feedback (both ACK and NACK) for a consecutive number of instances:
· Number of consecutive instances for skipping HARQ-ACK can be configured by gNB depending upon of the survival time requirement for the application (this avoids any ambiguity for HARQ-ACK codebook construction)
PUCCH carrier switching
[bookmark: _Hlk54365499]In order to avoid frequent cancellation of HARQ-ACK transmission, a UE can be configured with multiple PUCCH carriers for HARQ-ACK feedback of SPS PDSCHs of one or more DL SPS configurations in a DL BWP. The multiple PUCCH carriers can provide more PUCCH transmission opportunities. The UE may further receive information of multiple PUCCH resource sets, each PUCCH resource set associated with each of the multiple PUCCH carriers. The UE may select a PUCCH carrier from the multiple PUCCH carriers and a corresponding PUCCH resource set from the multiple PUCCH resource sets based on availability of each PUCCH resource set of the multiple PUCCH resource sets and priorities among the configured PUCCH carriers (or PUCCH resource set priorities among the configured PUCCH resource sets). The UE can further select a PUCCH resource from the selected PUCCH resource set based on HARQ-ACK payload size. 
In an example, one PUCCH carrier is a TDD carrier including the activated one or more DL SPS configurations, and the other PUCCH carrier is a supplementary uplink carrier (e.g. an uplink carrier of paired spectrum). In another example, all of the configured PUCCH carriers are TDD carriers. A slot format (e.g. an uplink, downlink, or flexible slot) of a slot could be same or different across the different carriers. If a PUCCH resource set for HARQ-ACK feedback is not available on a scheduled slot of a scheduled PUCCH carrier, the UE may choose to transmit HARQ-ACK feedback in one of the configured PUCCH carriers where the uplink symbol is available at the earliest within the maximum allowed HARQ-ACK feedback delay. 
Observation 2: Configuring a UE with multiple PUCCH carriers and allowing the UE to dynamically switch across the configured PUCCH carriers can provide the UE with more HARQ-ACK transmission opportunities under dynamic TDD operation.
Proposal 6: Support dynamic PUCCH carrier switching, in order to avoid frequent cancellation of HARQ-ACK transmission for SPS PDSCHs with short periodicities. 
Conclusion
In summary, we observe and propose the followings for enhancements to SPS PDSCH HARQ-ACK feedback in Rel-17 URLLC/IIoT:
· Observation 1: In SPS operation for IIoT, delaying HARQ-ACK feedback beyond a certain time may not be useful, since the communication service may be considered unavailable after survival time.
· Proposal 1: Define the maximum allowed HARQ-ACK feedback delay for a given SPS PDSCH or a set of consecutive SPS PDSCHs.
· Proposal 2: If UE cannot transmit HARQ-ACK information within the configured maximum HARQ-ACK feedback delay, the UE may discard the HARQ-ACK information. 
· Proposal 3: Support deferred HARQ-ACK transmission with concatenation of a delayed HARQ-ACK codebook and a current scheduled HARQ-ACK codebook to construct an aggregated HARQ-ACK codebook. 
· Proposal 4:  Support one shot HARQ-ACK transmission for all HARQ processes in a CG-PUSCH resource. 
· Proposal 5: In NR URLLC Rel-17, support skipping of HARQ-ACK feedback (both ACK and NACK) for a consecutive number of instances:
· Number of consecutive instances for skipping HARQ-ACK can be configured by gNB depending upon of the survival time requirement for the application (this avoids any ambiguity for HARQ-ACK codebook construction)
· Observation 2: Configuring a UE with multiple PUCCH carriers and allowing the UE to dynamically switch across the configured PUCCH carriers can provide the UE with more HARQ-ACK transmission opportunities under dynamic TDD operation.
· Proposal 6: Support dynamic PUCCH carrier switching, in order to avoid frequent cancellation of HARQ-ACK transmission for SPS PDSCHs with short periodicities. 
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