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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: OLE_LINK22]Introduction
In this contribution, we analyze the potential remaining issues of HARQ-ACK feedback for Rel-16 NR-U work item. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK36]Out of order issue for NNK1
At RAN1#101-e, the out of order issue for PDSCH-to-HARQ-ACK was discussed in case of NNK1 and SPS PDSCH with a missed DCI (Issue C3) as shown in Figure 1, as documented in [2] including a summary of the discussion and a conclusion:
Summary of discussions on issue C3: there is no consensus to agree on a TP for issue C3. Companies have different interpretations on whether the case described in R1-2004445 section 4 corresponding to an out-of-order condition for PDSCH-to-HARQ-Ack. When a UE is configured with DL SPS, similar cases may happen when a PDSCH is scheduled with NNK1 value, or when HARQ-ACK feedback re-transmission is requested. These cases may deserve further detailed analysis but it may not be possible to complete such analysis at RAN1#101-e. We could revisit this issue at RAN1#102-e.
Proposed conclusion: potential issues on out-of-order PDSCH-to-HARQ-Ack in case of DL SPS, including the case of NNK1 value with Type-2 HARQ-ACK codebook, and the case of NNK1 value and/or HARQ-ACK feedback re-transmission with Enhanced Type-2 HARQ-ACK codebook, can be revisited at RAN1#102-e.
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Figure.1 illustration for out of order issue 

In TS 38.214 section 5.1 [3], the out of order (OOO) restriction is described as below:

[bookmark: OLE_LINK142]In a given scheduled cell, the UE is not expected to receive a first PDSCH and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH, where the two resources are in different slots for the associated HARQ-ACK transmissions, each slot is composed of symbols [4] or a number of symbols indicated by subslotLength-ForPUCCH if provided, and the HARQ-ACK for the two PDSCHs are associated with the HARQ-ACK codebook of the same priority. In a given scheduled cell, the UE is not expected to receive a first PDSCH, and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH if the HARQ-ACK for the two PDSCHs are associated with HARQ-ACK codebooks of different priorities.
From UE’s perspective, in the third slot (where the SPS PDSCH is received) in Figure 1, the HARQ-ACK resource for PDSCH1 has not yet been assigned. The UE will get the HARQ-ACK resource when a second DCI indicating a numerical K1 and requesting feedback for the same PDSCH group is received, and it is likely that the PUCCH resource for PDSCH1 will be later than PUCCH1, thereby resulting in an OOO condition for PDSCH-to-HARQ-ACK between PDSCH1 and the SPS PDSCH. The UE will be certain of the OOO condition by the time PUCCH1 is expected to be transmitted. Hence, according to the specification where the OOO condition is not expected, UE should not expect to receive the SPS PDSCH, which means that UE could ignore the SPS PDSCH and would not report PUCCH1. This behavior is according to the current specification [3]. 
Later on when the UE receives the second DCI format scheduling PDSCH3 and providing timing for PDSCH1, the UE should still continue assuming that this is not an expected behavior for PDSCH1. As long as that second DCI intends to provide the HARQ-ACK timing for PDSCH1 (according to the signaled g or q), it implies that the gNB was able to detect that the original feedback for PDSCH1 was not received, so the gNB should be able to set C-DAI and T-DAI appropriately for avoiding error propagation in PUCCH2, i.e. by setting C-DAI and T-DAI to provide an opportunity for the UE to report NACK for PDSCH1 as expected for an error case, or dropping all the HARQ-ACK feedback for the group of PDSCH1 with a toggled NFI.
Observation 1: Issue C3 is an out of order issue for PDSCH-to-HARQ-ACK, which should follow rules defined for OOO in TS38.214 section 5.1.

We think no special handling is needed for this OOO case involving NNK1 and SPS PDSCH, otherwise it would have to involve a new UE behavior and also a new UE capability. Several options were discussed at RAN1#101e:
· Option 1: Allow UE to report HARQ-ACK feedback for both SPS PDSCH and PDSCH1 in PUCCH1, e.g. based on timing between PDSCH1 and PUCCH1 without receiving the second DCI.
· Option 2: Allow UE to report HARQ-ACK feedback for SPS PDSCH in PUCCH1, and drop HARQ-ACK feedback for PDSCH1.
· Option 3: Defining an exception for the OOO rule allowing UE to report HARQ-ACK feedback for SPS PDSCH in PUCCH1, and to report HARQ-ACK feedback for PDSCH1 in PUCCH2.
Compared to the expected behaviour according to the current OOO rules, the above 3 options mainly provide benefit to allow reporting the HARQ-ACK feedback for the SPS PDSCH. The expected benefit is rather limited so we do not see the need to introduce a new UE behaviour.
Proposal 1: No correction is needed for issue C3.
Clarification for OOO with HARQ-ACK retransmission 
In R15, the OOO is conditioned on the order of HARQ-ACK resource assigned for two PDSCHs. When HARQ-ACK retransmission is enabled, the reasonable way is that only the initial HARQ-ACK resource is considered for OOO checking, however, in current specification it is not clear whether the resource for HARQ-ACK retransmission should be considered as the OOO condition or not. As shown in Figure 2, when considering the ReTx HARQ-ACK resource (PUCCH3) for PDSCH1, the OOO is satisfied since the HARQ-ACK resource for PDSCH1 is later than the HARQ-ACK resource for PDSCH2. To avoid this misunderstanding, the corresponding TP is provided.
Proposal 2: HARQ-ACK retransmission should not be considered as OOO.
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Figure.2 illustration for OOO with HARQ-ACK retransmission

TP#1 for TS 38.214 Clause 5.1
============================= Unchanged part omitted ============================

[bookmark: OLE_LINK75]A UE shall upon detection of a PDCCH with a configured DCI format 1_0, 1_1 or 1_2 decode the corresponding PDSCHs as indicated by that DCI. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Clause 9.2.3 of [6]. In a given scheduled cell, the UE is not expected to receive a first PDSCH and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK initially assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK initially assigned to be transmitted for the first PDSCH, where the two resources are in different slots for the associated HARQ-ACK transmissions, each slot is composed of symbols [4] or a number of symbols indicated by subslotLength-ForPUCCH if provided, and the HARQ-ACK for the two PDSCHs are associated with the HARQ-ACK codebook of the same priority. In a given scheduled cell, the UE is not expected to receive a first PDSCH, and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK initially assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK initially assigned to be transmitted for the first PDSCH if the HARQ-ACK for the two PDSCHs are associated with HARQ-ACK codebooks of different priorities. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i. In a given scheduled cell, for any PDSCH corresponding to SI-RNTI, the UE is not expected to decode a re-transmission of an earlier PDSCH with a starting symbol less than N symbols after the last symbol of that PDSCH, where the value of N depends on the PDSCH subcarrier spacing configuration , with N=13 for =0, N=13 for =1, N=20 for =2, and N=24 for =3.
============================= Unchanged part omitted ============================
Conclusion 
Based on the discussion, we have the following observation and proposals:
Observation 1: Issue C3 is an out of order issue for PDSCH-to-HARQ-ACK, which should follow rules defined for OOO in TS38.214 section 5.1.
Proposal 1: No correction is needed for issue C3.
Proposal 2: HARQ-ACK retransmission should not be considered as OOO.
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