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[bookmark: _Ref521334010]Introduction
At RAN1#100 e-meeting, we extensively discussed the HARQ-ACK for SPS release with cross-carrier scheduling. The main divergence is the understanding on the current mechanism in Rel-15 specification, i.e.
· Understanding#1: HARQ-ACK for SPS release is generated based on the carrier wherein SPS release is transmitted.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Understanding#2: HARQ-ACK for SPS release is generated based on the carrier wherein SPS PDSCH is transmitted.
Although we had good discussion during the last meeting, we cannot achieve any agreements because of limited time. In this contribution, we provide our analyses and views on how to determine the HARQ-ACK for SPS release within cross-carrier scheduling. 
Discussion
As mentioned in feature lead’s summary, we reached an intermediate conclusion after the first phase email discussion [1].

For cross-carrier SPS release, the HARQ-ACK generation of SPS release is based on the SPS PDSCH carrier.

We discussed the corresponding text proposal based on the intermediate conclusion although it is not marked as ‘agreed’ and achieved the last version of TP as below:
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 unless the SPS PDSCH release and corresponding SPS PDSCH have different SCS configuration and are on different serving cells, in which case it 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.











However, it should be noticed that the above TP does not totally reflect the spirit of the above conclusion. It is clear that the conclusion should be applied to the case of any cross-carrier SPS release, despite of same numerology or mixed numerology. 
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 release is transmitted, there is no issue as a UE cannot generate HARQ-ACK for both a SPS release and a PDSCH in the same slot since there is only one HARQ-ACK position for one slot. However, if the HARQ-ACK generation of SPS 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 release DCI will occupy the HARQ-ACK position on the CC carrying the SPS PDSCH indicated by the SPS release DCI. 
One issue is that it will bring additional restriction for the scheduling on the SPS release carrier. When SLIV of SPS PDSCH on another CC is used to determine the HARQ-ACK position of the SPS release, HARQ-ACK of SPS release and a unicast PDSCH within the same slot on the same carrier could be transmitted in different HARQ-ACK positions associate with different carriers. One simple example is shown in figure 1 wherein SPS 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 release in 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

Another issue is there will be HARQ-ACK collision on the CC with SPS PDSCH in the last slot that overlaps with the SPS release DCI. 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 release. As shown in Figure 2, slot n on CC2 is the reference slot for the HARQ-ACK position determination of the SPS release transmitted on CC1, there may be a unicast PDSCH scheduled in slot n, which means for a single uncast receiving capability UE, only one HARQ-ACK position is reserved for slot n while both HARQ-ACK of SPS release DCI on CC1 and HARQ-ACK of a unicast PDSCH on CC2 are required to be transmitted, which is similar as the case in Rel-15 when SPS release DCI and SPS PDSCH on the same CC. 


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

[bookmark: _GoBack]In order to avoid introducing unnecessary restriction on scheduling, the restriction in Rel-15 should be clarified to be used only when the SPS release DCI 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 based on the assumption that the HARQ-ACK of SPS release is generated on the SPS PDSCH carrier.

	Text proposal#1
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 unless the SPS PDSCH release and corresponding SPS PDSCH are on different serving cells, in which case it 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 1: For cross-carrier SPS release, if the HARQ-ACK generation of SPS release is based on the SPS PDSCH carrier, endorse the above text proposal#1.

As mentioned above, there are different understandings on the current pseudo code for type1 HARQ-ACK codebook generation and there is no official conclusion on which understanding we should follow. If the HARQ-ACK for SPS release is generated based on the SPS PDSCH carrier, it may result in different implementations for different scenarios, i.e. self-carrier SPS release and cross-carrier SPS release. It will complicate the UE implementation. On the other hand, additional penalty of scheduling restriction is inevitable and additional HARQ-ACK collision between SPS release DCI and unicast PDSCH on different CCs may introduced, which means we need to introduce more specification effort. It should be noticed the above specification change for the restriction of SPS release and unicast PDSCH is just for the case that a UE with single unicast PDSCH receiving capability. The description of how to generate HARQ-ACK for SPS release DCI for a UE with more than one unicast PDSCH receiving capability is still under discussion in the IIoT related agenda. If the HARQ-ACK for SPS release is generated based on the SPS PDSCH carrier, cross-carrier release will impact the mechanism of HARQ-ACK feedback for SPS release when a UE with more than one unicast PDSCH receiving capability, which makes the specification more complicated.
As discussed during the last meeting, the main concern on generating HARQ-ACK of SPS release based on SPS release carrier is that there may not be a SLIV for determining the HARQ-ACK position of the SPS release. If the SPS PDSCH SLIV is included in the TDRA table for the CC carrying SPS release, current agreement by using the SLIV of SPS PDSCH to determine the HARQ-ACK position of SPS release DCI can still be followed. Otherwise, one simple way is to use a pre-defined SLIV in the TDRA table for the CC carrying SPS release DCI to determine the HARQ-ACK position of the SPS release. 
From this understanding, we can achieve a more compatible mechanism as the current way and less specification work. The corresponding text proposal is provided below.


Text proposal#2
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 if the time resource of the corresponding SPS PDSCH reception is included in the set of row indexes for determining the MA,C occasions for candidate PDSCH receptions or SPS PDSCH releases, otherwise corresponding to the time resource corresponding to the first row in the second set of row indexes if provided, or to the time resource corresponding to the first row in the a first set of row indexes if the second set of row indexes is not provided. 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 if the time resource of the corresponding SPS PDSCH reception is included in the set of row indexes for determining the MA,C occasions for candidate PDSCH receptions or SPS PDSCH releases, otherwise corresponding to the time resource corresponding to the first row in the second set of row indexes if provided, or to the time resource corresponding to the first row in the a first set of row indexes if the second set of row indexes is not provided.
< --------------------omitted text--------------------->




















Proposal 2: For cross-carrier SPS release, if the HARQ-ACK generation of SPS release is based on the SPS release carrier, endorse the above text proposal#2.


Conclusion
This contribution discussed the codebook generation for HARQ-ACK of SPS release with cross-carrier scheduling. Based on the discussion we have the following proposals:
Proposal 1: For cross-carrier SPS release, if the HARQ-ACK generation of SPS release is based on the SPS PDSCH carrier, endorse the above text proposal#1.

Proposal 2: For cross-carrier SPS release, if the HARQ-ACK generation of SPS release is based on the SPS release carrier, endorse the above text proposal#2.
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