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Introduction
In RAN1#96bis, the following agreements related to downlink SPS grants for eURLLC were reached:
Agreements:
· Support separate activation for different DL SPS configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more DL SPS configurations
· Support separate release for different DL SPS configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more DL SPS configurations 

Further in RAN1 #98 it was agreed that:
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

In the subsequent sections of this paper, we present our views about FFS items regarding HARQ-ACK codebook construction with multiple active SPS configurations. 
SPS Enhancement for URLLC
For small data payload (e.g., 50 bytes), the PDCCH overhead can be significant (especially so since the downlink CRC alone has 24 bits.) In addition, PDCCH errors result in additional packet errors. This motivates the need of PDCCH-free (control-less) downlink data transmission. In previous meetings, and in response to LS from RAN2, it was captured that reducing the periodicity for a single SPS configuration down to 1 slot is feasible for all SCSs, “with certain constraints related to HARQ-ACK feedback and combinations of DL & UL SCSs”. 
With reduced SPS periodicity per configuration, and/or increased active SPS configurations, it becomes possible that the HARQ-ACK for multiple SPS occasions collide in the same (sub)-slot. In RAN1#98, it was agreed that a PUCCH resource can carry more than one HARQ-ACK bits, corresponding to multiple SPS PDSCH occasions without an associated grant, when there is no dynamic PDSCH. Details of the design are left as FFS. Here we share our thinking for efficient PUCCH resource indication. 
In Rel-15, HARQ-ACK for SPS PDSCH reception, without an associated PDCCH, is transmitted on a PUCCH resource which is RRC configured and is determined by n1PUCCH-AN from PUCCH-ResourceId, where the actual PUCCH-Resource is configured in PUCCH-Config, either as format0 or format1, and referred to by n1PUCCH-AN. With multiple SPS configurations and reduced periodicities, each SPS configuration can be configured with multiple n1PUCCH-AN that are mapped to different PUCCH-ResourceIds, based on the HARQ-ACK payload size. As an example, for the case that up to two bits are multiplexed, n1PUCCH-AN_1 can refer to a PUCCH resource, either format 0 or 1, from the PUCCH resource set 0, pucch-ResourceSetId = 0. When more than two HARQ-ACK bits are multiplexed n1PUCCH-AN_2 determines a PUCCH resource, either format 2, 3 or 4, from the PUCCH resource set 1, pucch-ResourceSetId = 1. An alternative solution is to configure the PUCCH resources separately from the SPS configuration, similar to multi-CSI-PUCCH-ResourceList, which is configured separately from each CSI configuration.
Proposal 1: In Rel-16, PUCCH resource is determined by configuring a dedicated list of PUCCH-ResourceIds, where each PUCCH-ResourceId refers to a PUCCH resource based on the HARQ-ACK payload size. All PUCCH formats may apply, based on payload size.
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Figure 1: PUCCH resource configuration for SPS HARQ-ACK.

An example where HARQ-ACK bits for different SPS configurations need to be multiplexed in the same PUCCH resource, is shown in Figure 1, where the periodicity of SPS configuration 1 is one slot and the periodicity of  SPS configuration 2 is every other slot. In this example, K1 for each SPS configuration is in slot unit, and it is K1=1. If both SPS confifurations are activated, the PUCCH resource and the HARQ-ACK codebook in different slots will be different, as shown in the figure. Regarding the position of A/N bits in the codebook, for the case of SPS only, we have:
Proposal 2: For the case of SPS only and when multiple HARQ-ACK bits corresponding to different SPS occasions are being multiplexed into the same codebook, the position of A/N bits is determined based on the CC index first and within each CC based on each SPS occasion. 
So far we have discussed codebook construction in Rel-16 for the case of SPS only. In the following, we consider the case that the HARQ-ACKs for SPS occasions and dynamic PDSCHs need to be multiplexed into the same codebook and/or PUCCH resource. We discuss this problem under different HARQ-ACK codebook construction configurations, i.e. Type 1 and Type 2.
Here, it should be note that with minimum SPS periodicities down to one slot, we can simply reuse Rel-15 formulation to construct semi-static HARQ-ACK codebook with multiple SPS configurations and in presence of dynamic PDSCH. 
Proposal 3: Adopt Rel-15 approach for Type-1 codebook construction with multiple SPS configurations. 

For Type 2 codebook construction, if UE just follows Rel-15 to construct the codebook, it has to append the HARQ-ACK bits corresponding to different SPS occasions multiplexed into the same PUCCH into the dynamic portion of the codebook. Here, dynamic portion of the codebook is obtained from DAIs for different DCIs, e.g. corresponding to dynamic/regular PDSCHs. However, this procedure may result in codebook size ambiguity at gNB and UE, e.g. if UE misses a SPS (re)activation. To solve this issue, we propose the first SPS occasion coming with (re)activation DCI is encoded in the dynamic portion as well, where for which DAI in (re)activation DCI needs to be incremented. HARQ-ACK bits for other SPS occasions, other than the first SPS occasion, can be appended to the dynamic portion of the codebook. Figure 2 gives an example of the procedure. 
Proposal 4: For Type-2 HARQ-ACK codebook, increment DAI field in SPS (re)activation DCI for the first SPS occasion of a SPS configuration. Append the A/N bits for other SPS occasions.
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Figure 2: Type-2 HARQ-ACK codebook construction with multiple SPS configurations.
With multiple SPS configurations and reduced periodicity per SPS configuration, it is probable to have different SPS occasions colliding at least in time. For the case that colliding SPS occasions belong to different priority services, collision handling will be more-less similar to the case of a dynamic URLLC PDSCH overlapping with a dynamic eMBB PDSCH. Here we discuss the case that overlapping SPS PDSCHs belong to the same service type. 
Proposal 5: In case multiple SPS occasions in a given cell overlap in time and they all belong to the same priority 
· Alt1: UE ignores all overlapping occasions. In this case: UE is not expected to provide HARQ-ACK
· Alt2: UE resolves the overlapping occasions similar to PDSCH overlapping resolution for Type1 codebook generation. UE shall expect to receive data only on resolved non-overlapping occasions

Figure 3 gives an example for Alt2, where UE expects to receive PDSCH on SPS conf. 0 and conf. 2, but not conf. 1.
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[bookmark: _GoBack]Figure 3: SPS configurations with overlapping occasions.
Conclusion
In this contribution, we make the following proposals. 
Proposal 1: In Rel-16, PUCCH resource is determined by configuring a dedicated list of PUCCH-ResourceIds, where each PUCCH-ResourceId refers to a PUCCH resource based on the HARQ-ACK payload size. All PUCCH formats may apply, based on payload size.
Proposal 2: For the case of SPS only and when multiple HARQ-ACK bits corresponding to different SPS occasions are being multiplexed into the same codebook, the position of A/N bits is determined based on the CC index first and within each CC based on each SPS occasion. 
Proposal 3: Adopt Rel-15 for Type 1 codebook construction with multiple SPS configurations. 
Proposal 4: For Type-2 HARQ-ACK codebook, increment DAI field in SPS (re)activation DCI for the first SPS occasion of a SPS configuration. Append the A/N bits for other SPS occasions.
Proposal 5: In case multiple SPS occasions in a given cell overlap in time and they all belong to the same priority 
· Alt1: UE ignores all overlapping occasions. In this case: UE is not expected to provide HARQ-ACK
· Alt2: UE resolves the overlapping occasions similar to PDSCH overlapping resolution for Type1 codebook generation. UE shall expect to receive data only on resolved non-overlapping occasions
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