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During RAN1#100e meeting, companies have extensive discussion on HARQ-ACK for cross-carrier SPS release with same numerology and with mixed numerologies. However, since companies had difference understanding on the Rel-15 HARQ-ACK for SPS release and preferred more time for further check, it ended up with no conclusion. In this contribution, we provided our analysis of HARQ-ACK for cross-carrier SPS release with same numerology and mixed numerologies. 
HARQ-ACK for SPS Release
Understanding of Rel-15 Spec
In Rel-15, only DCI format 1_0 can be applied to release SPS. Since CIF is not included in DCI format 1_0, one understanding is that Rel-15 does not support cross-carrier SPS release. However, according to RAN2 spec, at most one Cell could be configured with SPS resource per CG, one understanding is that the CIF is not needed to perform cross-carrier SPS release and the RAN1 spec doesn’t explicitly preclude cross-carrier SPS release, thus, Rel-15 spec supports at least cross-carrier SPS release with same numerology.
In our view, not precluding cross-carrier SPS release explicitly in RAN1 spec doesn’t mean RAN1 supports cross-carrier SPS release in Rel-15. It doesn’t make sense if the spec needs to preclude all the unsupported UE behaviours.
Since only same-carrier SPS release is supported, it doesn’t matter whether the HARQ-ACK for SPS release is associated with the SPS PDSCH carrier or the SPS release carrier as they the same carrier.
	R15 Spec for HARQ-ACK for SPS release
For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a SPS PDSCH release is same as for a corresponding SPS PDSCH reception.



Observation 1: Understanding of Rel-15 SPS release
· Rel-15 does not support cross-carrier SPS release.
· Rel-15 UE behaviour is the same no matter whether the HARQ-ACK for Rel-15 SPS release is associated with the SPS PDSCH carrier or the SPS release carrier.

Rel-16 Cross-carrier SPS Release
In Rel-16, DCI format 1_1 and 1_2 are introduced for SPS release and cross-carrier SPS release with mixed numerologies is also supported with the CIF field in DCI format 1_1 and 1_2.
For dynamic HARQ-ACK codebook for cross-carrier SPS release, it is clear the DAI in the release DCI is applied to construct the HARQ-ACK codebook. While for semi-static HARQ-ACK for cross-carrier SPS release, two issues are still open.
Issue1: Whether semi-static HARQ-ACK codebook for SPS release shall be associated with the SPS PDSCH carrier or the SPS release carrier.
Issue2: If semi-static HARQ-ACK codebook for SPS release is associated with the SPS PDSCH carrier, in case of mixed numerologies, which slot shall the codebook be associated with.
For Issue1, since the SLIV of the SPS PDSCH is applied to construct semi-static HARQ-ACK codebook for SPS release. From this perspective, associating the HARQ-ACK codebook for SPS release with the SPS PDSCH carrier makes sense. Otherwise, if the HARQ-ACK codebook for SPS release is associated with the SPS release carrier, using other carrier’s (i.e., the SPS PDSCH carrier) SLIV configuration to construct the HARQ-ACK codebook seems to be little bit weird. Take Figure 1 as an example, the DCI in slot#n of Carrier 1 is used for releasing the SPS configuration in Carrier 2, in this case, the Carrier 2 is used for HARQ-ACK codebook construction.
For Issue2, in case of mixed numerologies, one slot in the SPS release carrier can overlap with multiple slots in the SPS PDSCH carrier. If semi-static HARQ-ACK codebook for SPS release is associated with the SPS PDSCH carrier, then one of the slots overlapping with the SPS release has to be selected as the slot for HARQ-ACK codebook construction. The simplest way is to reuse the rule defined for slot corresponding to K1=0, i.e., the last slot overlapping with the SPS release is used for HARQ-ACK construction. As shown in Figure 1, slot#2n in Carrier 2 is the last slot overlapping with the SPS release in Carrier 1, thus slot#2n is selected for HARQ-ACK construction.


Figure 1 Cross-carrier SPS release with mixed numerologies.
Based on the above analysis, we have the following proposal and the corresponding TP.
Proposal 1: For construction of semi-static HARQ-ACK codebook for SPS release,
· The codebook is associated with the SPS PDSCH carrier.
· The codebook is associated with the last slot overlapping with the PDCCH providing SPS release.
TP1: {TS38.213 Section 9.1.2.1}
	For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH reception in the last slot that overlaps with the PDCCH carrying the SPS PDSCH release. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to multiple SPS PDSCH releases by a single DCI format is same as for a corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases in the last slot that overlaps with the PDCCH carrying the SPS PDSCH release.



Backward compatibility Issue
Some companies expressed their concern on the backward compatibility issue with the wording in TP1. In Rel-15, since SPS PDSCH and SPS release are on the same carrier, thus we associate the HARQ-ACK codebook with the SPS PDSCH carrier in case of cross-carrier SPS release is backward compatible. On another aspect, “the last slot overlapping with the PDCCH providing SPS release” is also backward compatible since in Rel-15, “the last slot overlapping with the PDCCH providing SPS release” equals to the slot providing SPS release.
Observation 2: Associating semi-static HARQ-ACK codebook with the last slot in the SPS PDSCH carrier that is overlapping with the PDCCH providing SPS release is backward compatible. 
Conclusion
In this contribution, we present our analysis on HARQ-ACK codebook construction for cross-carrier SPS release. The following observations and proposals are provided.
Observation 1: Understanding of Rel-15 SPS release
· Rel-15 does not support cross-carrier SPS release.
· Rel-15 UE behaviour is the same no matter whether the HARQ-ACK for Rel-15 SPS release is associated with the SPS PDSCH carrier or the SPS release carrier.
Observation 2: Associating semi-static HARQ-ACK codebook with the last slot in the SPS PDSCH carrier that is overlapping with the PDCCH providing SPS release is backward compatible. 
Proposal 1: For construction of semi-static HARQ-ACK codebook for SPS release,
· The codebook is associated with the SPS PDSCH carrier.
· The codebook is associated with the last slot overlapping with the PDCCH providing SPS release.
TP1: {TS38.213 Section 9.1.2.1}
	For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH reception in the last slot that overlaps with the PDCCH carrying the SPS PDSCH release. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to multiple SPS PDSCH releases by a single DCI format is same as for a corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases in the last slot that overlaps with the PDCCH carrying the SPS PDSCH release.
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