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1 Introduction
During RAN1#97, #98, and #98bis meetings, RAN1 made the following agreements regarding DL semi-persistent scheduling (SPS) enhancements for URLLC: 
RAN1#97 (Reno, May 2019, [1]) 

Agreement:

· Regarding Q1 in the LS in R1-1905940:

· Although RAN1 has not completely analysed the potential impact of supporting up to 16 SPS configurations for a given BWP of a serving cell, RAN1 has the understanding that 8 SPS configurations for a given BWP of a serving cell is sufficient in Rel-16

Agreement:

Regarding Q2 in LS from RAN2, the following is captured:

· RAN1 discussed the feasibility of support of shorter periodicities for DL SPS, it is feasible to support periodicity down to 1 slot for all SCSs and single SPS configuration with certain constraints related to HARQ-ACK feedback and combinations of DL & UL SCSs

The agreements were informed to RAN2 in a Reply LS in R1-1907961. 

RAN1#98 (Prague, Aug. 2019, [2])

Agreements:

For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), support more than one bit of HARQ-ACK feedback for SPS PDSCH without an associated grant in a PUCCH resource 

· FFS applicability to all PUCCH formats

· FFS the number of bits, e.g., the # of configured/activated SPS configurations, etc.

· FFS how to construct both type-1 and type-2 HARQ-ACK codebook for cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with dynamic PDSCH HARQ-ACK 

Conclusion:

· There is no consensus to support joint activation in a DCI for two or more SPS configurations for a given BWP of a serving cell in rel-16. 
Conclusion:

There is no consensus on support of DL SPS periodicity shorter than 1 slot in Rel-16. 
Working assumption:

Support joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell

· Reusing the joint release mechanism as that defined for UL type 2 CG
RAN1#98bis (Chongqing, Oct. 2019, [3])
Agreements:

Confirm the following working assumption:

	Working assumption:

Support joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell

· Reusing the joint release mechanism as that defined for UL type 2 CG


Agreements:

For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), PUCCH formats 2/3/4 are applicable in addition to PUCCH formats 0/1. 
Agreements:

For cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, the PUCCH resource to be used is determined by reusing rel-15 mechanism. 

Agreements:

For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), RAN1 down-selects the following options:

· Option 1: Multiple PUCCH resources are configured common for all SPS configurations (similar to multi-CSI-PUCCH-ResourceList) per HARQ-ACK codebook. The actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size

· FFS: Number of maximum PUCCH resources
· FFS details (threshold for determining PUCCH resource)
· Option 2: Multiple PUCCH resource sets are configured common for all SPS configurations per HARQ-ACK codebook. The PUCCH resource set to be used is determined based on HARQ-ACK payload size. 

· FFS whether or not to configure PUCCH resource sets separately from PUCCH resource set for dynamic-scheduled PDSCH
· FFS whether to configure separate payload range
· The actual PUCCH resource to be used among PUCCH resources in the chosen PUCCH resource set is determined by reusing rel-15 HARQ-ACK PUCCH resource determination mechanism for dynamic PDSCH based on the latest activation DCI
Agreements:

For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK), 

· Multiple PUCCH resources are configured common for all SPS configurations per HARQ-ACK codebook. The actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size

· Number of PUCCH resources is up to 4
· FFS details (e.g., threshold for determining PUCCH resource)
Agreements:

For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK), PUCCH resource i is selected if HARQ-ACK payload size (not including CRC) is in the range of {Ni,min, …, Ni,max} bits, where the number of PUCCH resources in the selection is from 0 up to 3. 

· N0,min=1, N0,max=2

· For i≠0
· Ni,max is configured by RRC; if not configured, Ni,max is 1706.

· Ni,min is equal to Ni-1,max+1 

Note: The above mechanism is equivalent to rel-15 procedure when a single PUCCH resource is configured per PUCCH resource set.

Agreements:

For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK), the number of PRBs for the PUCCH transmission is determined by reusing rel-15 mechanism in Subclause 9.2.3 (UE procedure for reporting HARQ-ACK) of 38.213. 

· The maximum code rate per PUCCH format is reused from the parameter associated with the identified HARQ-ACK codebook for SPS PDSCH

In this document, we discuss HARQ-ACK feedback of SPS PDSCHs associated with one or multiple active DL SPS configurations with short periodicities.
2 HARQ-ACK feedback with short SPS periodicity
In Rel-15 NR, with a SPS configuration, a UE is semi-statically configured with a PUCCH resource index for HARQ-ACK feedback to a SPS PDSCH. Further, the UE identifies PDSCH-to-HARQ feedback delay in terms of a number of slots from the PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception, and determines a slot where the UE transmits HARQ-ACK information for a given SPS PDSCH. 
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 UL 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 (actual latency) 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 [4]:

	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 concept of survival time explained above, 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 SPS PDSCH occasions of a DL SPS configuration, as a number of PUCCH occasions for HARQ-ACK feedback of SPS PDSCHs associated with one or more activated DL SPS configurations, or 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: 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. 

An aggregated HARQ-ACK feedback for a group of SPS PDSCHs may reduce a PUCCH resource overhead for HARQ-ACK feedback and make it easier for gNB to guarantee availability of HARQ-ACK feedback occasions for a DL SPS configuration. HARQ-ACK information bits of the group of SPS PDSCHs of the DL SPS configuration are multiplexed and transmitted in one HARQ-ACK transmission occasion. The UE receives PDSCH-to-HARQ timing information via a PDSCH-to-HARQ timing indicator field in an SPS activation DCI format and may interpret the received PDSCH-to-HARQ timing as a delay from the end of the earliest SPS PDSCH slot (or sub-slot) of the group of SPS PDSCHs to the HARQ-ACK transmission occasion (i.e. PUCCH occasion) slot (or sub-slot). The UE is not expected that the start of the HARQ-ACK transmission occasion is before a symbol starting after an applicable minimum PDSCH processing time after the end of the last SPS PDSCH of the group of SPS PDSCHs. 
Observation 2: An aggregated HARQ-ACK feedback for a group of SPS PDSCHs of a DL SPS configuration may make it easier for gNB to guarantee availability of HARQ-ACK feedback occasions.

Proposal 3: Support transmitting an aggregated HARQ-ACK feedback on one HARQ-ACK PUCCH occasion for a group of SPS PDSCHs of a DL SPS configuration.    
3 Conclusion
In summary, we observe and propose the followings for HARQ-ACK feedback for enhanced DL SPS:

· Observation 1: 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.    
· Observation 2: An aggregated HARQ-ACK feedback for a group of SPS PDSCHs of a DL SPS configuration may make it easier for gNB to guarantee availability of HARQ-ACK feedback occasions.

· Proposal 3: Support transmitting an aggregated HARQ-ACK feedback on one HARQ-ACK PUCCH occasion for a group of SPS PDSCHs of a DL SPS configuration.    
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