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At RAN1#100bis e-meeting, we further discussed the HARQ-ACK for SPS release with cross-carrier scheduling. We achieved a common understanding that type-1 HARQ-ACK Codebook for cross-carrier SPS release should be generated on the SPS PDSCH carrier. Accordingly, we made the following conclusion
Conclusion:
· Type-1 HARQ-ACK Codebook for cross-carrier SPS release association: The codebook is associated with the last slot (on SPS PDSCH carrier) overlapping with the PDCCH providing SPS release.
· The bit location of the SPS release in type-1 codebook is determined by the SLIV of the SPS PDSCH.
· FFS whether spec update is needed or not.
Based on the conclusion achieved during last meeting, the main divergence is whether to update the specification or not. In this contribution, we give our views on the issues identified so far. The relevant text proposal is also provided.
Discussion
As addressed in the conclusion achieved at previous meeting, the location of HARQ-ACK of SPS PDSCH release is associated with the last slot on SPS PDSCH carrier overlapping with the PDCCH providing SPS PDSCH release. However, the current specification doesn’t address the rules captured in the conclusion. It is ambiguous in which location within the HARQ-ACK codebook of the SPS PDSCH carrier a UE should locate the HARQ-ACK of the SPS PDSCH release once different numerologies are configured for SPS PDSCH carrier and SPS PDSCH release carrier. 
Furthermore, there is a restriction on the HARQ-ACK codebook generation when a UE does not indicate a capability to receive more than one unicast PDSCH per slot, i.e. the UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot. The motivation of such restriction is to reserve only one HARQ-ACK position associated with one slot on each CC. If the HARQ-ACK generation of SPS release is based on the carrier on which SPS PDSCH release is transmitted, there is no issue as a UE cannot generate HARQ-ACK for both a SPS PDSCH release and a PDSCH in the same slot since there is only one HARQ-ACK position for one slot. However, when the HARQ-ACK generation of SPS PDSCH release is based on the carrier on which SPS PDSCH is transmitted, there are some issues need to be fixed since HARQ-ACK of the SPS PDSCH release will occupy the HARQ-ACK position on the carrier carrying the SPS PDSCH indicated by the SPS PDSCH release. 
One issue is that it will bring additional restriction for the scheduling on the SPS PDSCH release carrier. When SLIV of SPS PDSCH on another carrier is used to determine the HARQ-ACK position of the SPS PDSCH release, HARQ-ACK of SPS PDSCH release and a unicast PDSCH within the same slot on the same carrier could be transmitted on different HARQ-ACK positions associated with different carriers. One simple example is shown in Figure 1 wherein SPS PDSCH release is transmitted on carrier#1 and its HARQ-ACK is generated on carrier#2. Assuming the UE does not indicate a capability to receive more than one unicast PDSCH per slot. Although the UE does not need to feedback a HARQ-ACK for SPS PDSCH release on the HARQ-ACK position associated with slot n on carrier#1, gNB cannot schedule or configure one PDSCH reception for the UE in slot n on carrier#1 since it does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot. This is obvious a restriction on scheduling. 


Figure1: Illustration on the scheduling restriction for cross carrier scheduling if HARQ-ACK of SPS release is generated based on the SPS PDSCH carrier

Observation 1: Cross-carrier SPS PDSCH release will introduce scheduling restrictions for the carrier with SPS PDSCH release in case a UE doesn’t support more than one unicast PDSCHs within one slot.

Another issue is there will be HARQ-ACK collision on the carrier with SPS PDSCH in the last slot that overlaps with the SPS PDSCH release. There is no restriction of having a unicast PDSCH transmission in such last slot which is used as a reference slot for determining the HARQ-ACK position of SPS PDSCH release. As shown in Figure 2, slot n on carrier#2 is the reference slot for the HARQ-ACK position determination of the SPS PDSCH release transmitted on carrier#1, there may be a unicast PDSCH scheduled in slot n, which means for a single unicast receiving capability UE, only one HARQ-ACK position is reserved for slot n while both HARQ-ACK of SPS PDSCH release on carrier#1 and HARQ-ACK of a unicast PDSCH on carrier#2 are required to be transmitted, which is similar as the case in Rel-15 when SPS PDSCH release and SPS PDSCH on the same carrier. 


Figure2: Illustration on the HARQ-ACK collision for cross carrier scheduling if HARQ-ACK of SPS release is generated based on the SPS PDSCH carrier

Observation 2: If a UE doesn’t support more than one PDSCH receptions within a slot, the UE behavior is unclear when a unicast PDSCH is scheduled in a slot on the SPS PDSCH carrier and the HARQ-ACK of SPS release is associated with the slot.

Based on the above observations, it is clearly that there are holes need to be fixed which come along with cross-carrier SPS PDSCH release. In order to avoid introducing unnecessary restriction on scheduling, the restriction in Rel-15 should be clarified to be used only when the SPS PDSCH release and the indicated SPS PDSCH are on the same carrier. In order to avoid the HARQ-ACK feedback collision for cross-carrier release case, new restriction similar as in Rel-15 should be introduced. Hence we propose the following text proposal.
	9.1.2.1 Type-1 HARQ-ACK codebook in physical uplink control channel
< --------------------omitted text--------------------->
For the set of slot timing values K1, the UE determines a set of MA,C 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.
< --------------------omitted text--------------------->

if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and , 

; 

;
if the SPS PDSCH release and corresponding SPS PDSCH are on the same serving cell,
The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot,
Otherwise,
The UE does not expect to receive SPS PDSCH release on one serving cell and unicast PDSCH on another serving cell carrying the SPS PDSCH indicated by the PDCCH carrying the SPS PDSCH release in the last slot that overlaps with the PDCCH carrying the SPS PDSCH release ;
else 
< --------------------omitted text--------------------->




Proposal: For cross-carrier SPS PDSCH release, the specification corresponding to HARQ-ACK generation of SPS PDSCH release should be updated. The above text proposal should be endorsed.

Conclusion
This contribution discussed the codebook generation for HARQ-ACK of SPS release with cross-carrier scheduling. We have the following observations:
Observation 1: Cross-carrier SPS PDSCH release will introduce scheduling restrictions for the carrier with SPS PDSCH release in case a UE doesn’t support more than one unicast PDSCHs within one slot.
Observation 2: If a UE doesn’t support more than one PDSCH receptions within a slot, the UE behavior is unclear when a unicast PDSCH is scheduled in a slot on the SPS PDSCH carrier and the HARQ-ACK of SPS release is associated with the slot.
Based on the discussion we have the following proposal:
Proposal: For cross-carrier SPS PDSCH release, the specification corresponding to HARQ-ACK generation of SPS PDSCH release should be updated. The above text proposal should be endorsed.
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