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1 Introduction

In this contribution, we focus on one-shot HARQ-ACK feedback of the HARQ enhancement for NR-U
2 Discussion
2.1 One-shot HARQ-ACK feedback
In last R1#98b meeting, the following agreement for one-shot HARQ-ACK feedback were made [1],

Agreement:
Support requesting feedback of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) for all CCs configured for a UE in the PUCCH group.
· One-shot feedback should be configurable separately from the configuration of semi-static(including any potential enhancements)/non-enhanced dynamic HARQ codebook
· FFS: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback
Agreement:
· The last PDSCH for which A/N decoding result is reported in the HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) is determined as the last PDSCH within the UE N1 processing time capability
· UE also reports HARQ-ACK feedback for earlier PDSCHs scheduled with non-numerical K1

· For NDI, choose one of the following alternatives:

· Alt. A: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH

· Alt. B: Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH

· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· Alt. C: UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH

· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, choose one of the following alternatives (applicability dependent on decision on alternatives for the latest NDI value):

· Alt1: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported

· Alt2: The HARQ A/N value is set to the default value of NACK

· FFS: applicability with CBG-based HARQ
Agreement:
If a UE is configured to monitor feedback request of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback):

· The feedback can only be requested in a UE-specific DCI

· The feedback can be requested for reporting in PUCCH (As per Rel-15 behaviour, the feedback can be piggybacked on PUSCH)

Currently, we have discussed group-based/semi-static and one shot HARQ-ACK feedback, from our point of view, one-shot HARQ-ACK feedback is to feedback HARQ-ACK for all the configured HARQ processes, it is indeed a semi-static HARQ-ACK feedback method, i.e. each HARQ-ACK codebook would include a fixed size of HARQ-ACK bits so there is no misunderstanding of the HARQ-ACK codebook size on gNB side. 

Observation 1: One-shot HARQ-ACK feedback is indeed a semi-static HARQ-ACK feedback method.
In our view, there is no need to do further enhancement of semi-static HARQ-ACK feedback method since the tight budget of R16. And to one-shot HARQ-ACK feedback, R15 semi-static HARQ-ACK feedback has no clear benefit and need gNB to configure a feedback window to each UE, which increase the signaling overhead.

Proposal 1: no need to further enhance semi-static HARQ-ACK feedback for NR-U R16 since the tight time budget.
In R15 NR, dynamic HARQ-ACK codebook and semi-static HARQ-ACK codebook cannot be configured simultaneously since there is no applied scenario. And for enhanced dynamic codebook and one-shot feedback in NR-U, we don’t see the need neither to configured the two simultaneously.

Proposal 2: no need to support configuring enhanced dynamic codebook and one-shot feedback simultaneously.
Last meeting we have agreed to use UE-specific DCI to request one-shot HARQ-ACK feedback. A very simple way to do that is reuse the non-numerical K1 value. When one-shot HARQ-ACK feedback is configured, if the K1 field of the scheduling DCI indicates a non-numerical value, no PUCCH resource is assigned and no HARQ-ACK feedback is triggered. If gNB wants to trigger one-shot HARQ-ACK feedback, then the K1 field of the scheduling DCI should indicate a numerical value thus a PUCCH resource can be located and will be used to transmit the one-shot HARQ-ACK codebook.

Proposal 3: When one-shot HARQ-ACK feedback is configured, indicate a numerical K1 value in the scheduling DCI to trigger one-shot HARQ-ACK feedback, and for other scheduling DCI not triggering feedback, a non-numerical K1 value is indicated.
As to whether report NDI value along with HARQ-ACK in one-shot feedback, three alternatives are discussed in last meeting. Alt. C is that UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH, we don’t think it is workable. For example, as shown in Table.1-a/1-b, for a certain HARQ process, if gNB receive the reported information as (1,1,1,0), gNB can not decide which of case it is.
Table.1-a                                                                                            Table. 1-b

	HARQ-ACK
	1
	1
	1
	0

	NDI
	0
	0
	0
	1

	XOR
	1
	1
	1
	0


	HARQ-ACK
	1
	1
	0
	0

	NDI
	0
	1
	0
	0

	XOR
	1
	1
	1
	0


Observation 2: As to whether report NDI along with HARQ-ACK, Alt.C is not workable.
The intention of Alt.B is to enable UE to repeat HARQ-ACK several times by adding a NDI field for each HARQ-ACK information. But not all the HARQ processes’ HARQ-ACK information can be repeated, only the HARQ IDs which are not used when scheduling the PDSCHs corresponding to current one-shot HARQ-ACK feedback can be repeated. That means, when DL traffic load are medium to high, basically all the HARQ ID will be used for scheduling corresponding to one one-shot HARQ-ACK feedback occasion, very few HARQ-ACK information can be repeated. From our opinion, by simply repeating the HARQ-ACK information of all HARQ processes of the last one-shot HARQ-ACK feedback in next feedback occasion(denote as “simple repeating”) is a better way than adding the NDI field. For example, it there are 16 HARQ processes in total, and each HARQ process corresponds to 1 bit HARQ-ACK, by simple repeating, the total one-shot HARQ-ACK codebook size would be 32 and every HARQ process get repeated. Whereas by adding NDI field, the HARQ-ACK codebook size is still 32 but only a part of HARQ processes get repeated.
Compared to Alt.B, Alt.A has a much lower overhead can be also combined with our proposed simple repeating method.
Proposal 4: As to whether report NDI along with HARQ-ACK, Alt.A should be supported.
For each one-shot HARQ-ACK feedback, there may be some configured HARQ process ID are not actually scheduled, or there are some HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported. As shown in Fig.1, HARQ ID 10-15 are scheduled in the first COT and UE feedback ACK for all the 6 HARQ processes. In the second COT, only HARQ ID 0-7 are scheduled and assume they are all received correctly. Obviously, UE should feedback ACK for HARQ ID 0-7 and NACK for HARQ ID 8-9. As to HARQ ID 10-15, whether a default NACK or the actual A/N state of HARQ ID 10-15 scheduled in last COT should be reported? Reporting the actual A/N state of HARQ ID 10-15 scheduled in last COT can bring the benefit of repeating HARQ-ACK transmission but it may also bring some misunderstanding at the gNB side. For example, if HARQ ID 8-10 has actually been scheduled in the second COT but anyhow missed by UE, UE would think HARQ ID 10 is not scheduled at all. If UE reports actual A/N state of HARQ ID 10-15 scheduled in last COT, gNB will receive an ACK, then misunderstanding happens.
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Fig.1 Padding NACK for not received HARQ process
Proposal 5: For HARQ process not actually scheduled after the last determined PDSCH for which A/N decoding result is reported, a default NACK will be reported.
CBG-based HARQ-ACK feedback is already supported in NR and a key issue is how to reduce CBG HARQ-ACK codebook size.  An efficient way is to only feedback CBG level HARQ-ACK for those TB with NACK. But in one-shot feedback, HARQ processes not scheduled will also be fed back with NACK, so one solution can be UE indicates for which HARQ process a TB is actually scheduled, and only for those actually scheduled TB with NACK, CBG level feedback will be appended.  
Proposal 6: To reduce CBG-based HARQ-ACK codebook size, only feedback CBG level HARQ-ACK for those actually scheduled TB with NACK.

3 Conclusions

In this contribution, we present the discussion on HARQ enhancements for NR-U operation. Based on our analysis, we have the following observation and proposals:
Observation 1: One-shot HARQ-ACK feedback is indeed a semi-static HARQ-ACK feedback method.
Proposal 1: no need to further enhance semi-static HARQ-ACK feedback for NR-U R16 since the tight time budget.
Proposal 2: no need to support configuring enhanced dynamic codebook and one-shot feedback simultaneously.
Proposal 3: When one-shot HARQ-ACK feedback is configured, indicate a numerical K1 value in the scheduling DCI to trigger one-shot HARQ-ACK feedback, and for other scheduling DCI not triggering feedback, a non-numerical K1 value is indicated.
Observation 2: As to whether report NDI along with HARQ-ACK, Alt.C is not workable.
Proposal 4: As to whether report NDI along with HARQ-ACK, Alt.A should be supported.
Proposal 5: For HARQ process not actually scheduled after the last determined PDSCH for which A/N decoding result is reported, a default NACK will be reported.
Proposal 6: To reduce CBG-based HARQ-ACK codebook size, only feedback CBG level HARQ-ACK for those actually scheduled TB with NACK.
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