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Introduction
In RAN1 #102-e meeting, the following agreements were approved for NR-U:
Agreement:
When a UE receives a second PDSCH (for DL SPS) after a first PDSCH, where the first PDSCH is not assigned an applicable K1 value in the corresponding first DCI format,
· the UE transmits HARQ-ACK for the first PDSCH:
· if the UE detects a second DCI format in any PDCCH monitoring occasion after the first DCI format where the second DCI format assigns an applicable K1 value for the first PDSCH (as specified in TS38.213 section 9.1.3) that corresponds to HARQ-ACK timing no later than the HARQ-ACK timing assigned for the second PDSCH
· Otherwise, the UE does not multiplex the HARQ-ACK information for the first PDSCH in a PUCCH or PUSCH transmission, unless a HARQ-ACK information retransmission is requested later than the HARQ-ACK timing assigned for the second PDSCH.
· FFS: Which codebook type(s) can be used for the HARQ-ACK information retransmission
[bookmark: _GoBack]In this contribution, we discuss the remaining issues and texts proposal for NR-U HARQ enhancements.
Discussion
Out-of-order Issue
The case shown in Figure 1 was discussed in RAN1 #102-e, where DCI 1 indicates NNK1 and HARQ-ACK corresponding to PDSCH 1 is transmitted on PUCCH 2 triggered by DCI 2 with an applicable K1. After PDSCH 1, a SPS PDSCH associated with PUCCH 1 is received, where PUCCH 1 is before PUCCH 2. From the perspective of HARQ-ACK feedback of PDSCH 1 and SPS PDSCH, it is considered as out-of-order. In last meeting, we have reached an agreement that when the out-of-order happens, the UE may drop the HARQ-ACK of PDSCH1, unless in DCI 2 of Figure 1, there is a scheduling of HARQ-ACK of PDSCH1 retransmission. Moreover, there was an FFS point for further discussing such HARQ-ACK retransmission can be applied for what codebook type. 


Figure 1: A case of out-of-order
Based on the discussion of RAN1#102-e, we may consider the following possible ways forward to close this out-of-order issue: 
· Case 1: When at least one of e-type 2 codebook and type 3 codebook is configured, the DCI 2 triggers a HARQ-ACK reporting in PUCCH2 with type 2, e-type 2 or type 3 codebook, the UE will consider the PUCCH 2 includes a retransmission of the HARQ-ACK corresponding to PDSCH 1. 
Once e-type 2 codebook or type 3 codebook is configured, HARQ-ACK bit for the received PDSCH should always be buffered until new TB is scheduled for corresponding HARQ process. Therefore, allowing type 2 or e-type 2 codebook to trigger the HARQ-ACK retransmission should be naturally supported and this avoids the network only relying on type-3 codebook to get back the HARQ-ACK of PDSCH 1.
· Case 2: When only type 2 codebook is configured, if the UE does not receive a DCI assigns an applicable K1 value for PDSCH 1 that corresponds to HARQ-ACK timing no later than PUCCH 1 assigned for the SPS PDSCH before t0, the UE can skip the processing of PDSCH 1 or SPS PDSCH, where t0 is determined based on the starting of PUCCH 1 and PDSCH processing timeline, as shown in Figure 2. 
Once only type 2 codebook is configured, additional buffer of HARQ-ACK bit for the received PDSCH should not be mandatory for UE implementation, as it naturally removes the OOO issue. 


Figure 2: Example of Option 2
Proposal 1:  When a UE receives a SPS PDSCH after a first PDSCH, where the first PDSCH is assigned with NNK1: 
· When at least one of e-type 2 codebook and type 3 codebook is configured, a DCI assigning an applicable K1 value for the first PDSCH with type 2, e-type 2 or type 3 codebook, the UE will consider as the retransmission of the HARQ-ACK corresponding to the first PDSCH.
· When only type 2 codebook is configured, if the UE does not receive a DCI assigning an applicable K1 value for the first PDSCH that corresponds to HARQ-ACK timing no later than HARQ-ACK timing assigned for the SPS PDSCH before t0, the UE can skip the processing of the first PDSCH or SPS PDSCH, where t0 is determined based on the starting of PUCCH assigned for the SPS PDSCH and PDSCH processing timeline.

Type-3 HARQ-ACK Codebook Generation
If a UE has not obtained HARQ-ACK information corresponding to a given HARQ process, since:
· The given HARQ process has not been scheduled before; or
· There is no enough processing time for PDSCH decoding before type 3 codebook generation.
the procedure of type 3 codebook generation is not completely yet. 
One example is shown in Figure 3, assuming 4 HARQ processes, i.e. HP 0~3, are configured to a UE, HARQ process #3 is never received by the UE, and the decoding timeline of HARQ process #0 with new TB cannot be satisfied. Based on the current description in Clauses 9.1.4 of TS38.213, type 3 codebook only contains the HARQ-ACK bits corresponding to HP 1 and HP 2. This does not align with the agreement (RAN1 #98bis) that a HARQ-ACK codebook containing all DL HARQ processes.


Figure 3: One example of Type 3 codebook

Proposal 2: Adopt TP1 for the generation of type-3 HARQ-ACK codebook.
· If the UE has not obtained HARQ-ACK information for a given HARQ process, NACK should be feedback for the given HARQ process.

-------------------------------------------- Start of TP1 38.213 V16.3.0 section 9.1.4----------------------------------------
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<Unchanged parts are omitted>
else
if 
while 
if UE has reported HARQ-ACK information for TB  for HARQ process number  on serving cell , and has not subsequently detected a DCI format scheduling a PDSCH reception, or received a SPS PDSCH, with TB  for HARQ process number  on serving cell 
while 
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end while
end if
if UE has obtained HARQ-ACK information for TB  for HARQ process number  on serving cell  corresponding to a PDSCH reception and has not reported the HARQ-ACK information corresponding to the PDSCH reception
while 
[image: ]= HARQ-ACK information bit for CBG  of TB  for HARQ process number  of serving cell 
 
 
end while
elseif UE has not obtained HARQ-ACK information for TB  for HARQ process number  on serving cell 
while 
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end while
end if
 
 
end while
else
while 
if UE has reported HARQ-ACK information for TB  for HARQ process number  on serving cell  and has not subsequently detected a DCI format scheduling a PDSCH reception, or received a SPS PDSCH, with TB  for HARQ process number  on serving cell 
[bookmark: _Hlk36468040][image: ]= NACK
 
 
end if
if UE has obtained HARQ-ACK information for TB  for HARQ process number  on serving cell  corresponding to a PDSCH reception and has not reported the HARQ-ACK information corresponding to the PDSCH reception
if harq-ACK-SpatialBundlingPUCCH is not provided
[image: ]= HARQ-ACK information bit for TB  for HARQ process  of serving cell 
else
[image: ]= binary AND operation of the HARQ-ACK information bits corresponding to first and second transport blocks for HARQ process  of serving cell . If the UE receives one transport block, the UE assumes ACK for the second transport block
end if
 
 
elseif UE has not obtained HARQ-ACK information for TB  for HARQ process number  on serving cell 
[image: ]= NACK
 
 
end if
end while
end if
 
end if
 
end while
 
 
end while
--------------------------------------------End of TP 1 38.213 V16.3.0 section 9.1.4------------------------------------------

Conclusions
In this contribution, we show our views on the remaining issues and text proposal for NR-U HARQ enhancements. The text proposal is provided in section 2 and the proposals include:
Proposal 1:  When a UE receives a SPS PDSCH after a first PDSCH, where the first PDSCH is assigned with NNK1: 
· When at least one of e-type 2 codebook and type 3 codebook is configured, a DCI assigning an applicable K1 value for the first PDSCH with type 2, e-type 2 or type 3 codebook, the UE will consider as the retransmission of the HARQ-ACK corresponding to the first PDSCH.
· When only type 2 codebook is configured, if the UE does not receive a DCI assigning an applicable K1 value for the first PDSCH that corresponds to HARQ-ACK timing no later than HARQ-ACK timing assigned for the SPS PDSCH before t0, the UE can skip the processing of the first PDSCH or SPS PDSCH, where t0 is determined based on the starting of PUCCH assigned for the SPS PDSCH and PDSCH processing timeline.
Proposal 2: Adopt TP1 for the generation of type-3 HARQ-ACK codebook.
· If the UE has not obtained HARQ-ACK information for a given HARQ process, NACK should be feedback for the given HARQ process.
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