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1 Introduction
This contribution discusses remaining issues related to the enhancements on HARQ for NR-U:
· Enhanced dynamic HARQ-ACK codebook 
· Power control mechanism for enhanced dynamic HARQ-ACK feedback 
· Enhanced dynamic HARQ-ACK codebook generation

· One-shot HARQ-ACK codebook 
· Power control mechanism for one-shot HARQ-ACK feedback 
· Multiplexing HARQ-ACK of SPS release and one shot HARQ-ACK feedback

2 Discussion 
1 
2 
Power control mechanism for enhanced dynamic HARQ-ACK codebook
In Rel-15, for a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, the standard specifies two different ways to determine the number of HARQ-ACK bits for the purpose of PUCCH power control for the case of UCI payload smaller than or equal to 11 and the case of UCI payload larger than 11 bits. If the number of UCI bits is smaller than or equal to 11, the number of HARQ-ACK bits [image: ] for the purpose of PUCCH power control may not be the same as the size of HARQ-ACK codebook, e.g. for Rel-15 dynamic codebook, [image: ] is determined by the number of PDSCHs and PDCCH indicating SPS release received by UE and the identified missed PDSCHs and PDCCH. 
In Rel-16, how to calculate [image: ] in case of NR-U enhanced dynamic HARQ-ACK codebook is missing. The same rule should be applicable to NR-U enhanced dynamic HARQ-ACK codebook with simple extension of including the corresponding HARQ-ACK information bits for both PDSCH groups when gNB triggers HARQ-ACK feedback for both PDSCH groups. In that case, Rel-15 equation is reused for each PDSCH group respectively, except the following revision:
(1) for group (g+1)mod2, if , the last DCI contains T-DAI for group (g+1)mod2 and  should be determined by . 
(2) The number of SPS PDSCH receptions  [image: ] is only calculated in group g and set [image: ]to 0 for group (g+1)mod2 to avoid duplicated calculation. 
Proposal 1: For enhanced dynamic HARQ-ACK codebook using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, if the number of UCI bits is smaller than or equal to 11, the HARQ-ACK information bits for power control should consist of the HARQ-ACK information bits for both PDSCH groups and SPS PDSCH reception(s) when gNB triggers HARQ-ACK feedback for both PDSCH groups. Adopt TP1 in the conclusion part. 
Enhanced dynamic HARQ-ACK codebook generation
In last meeting, the interpretation of T-DAI in DCI 1_1 for the non-scheduled group when two sub-codebooks (for TB and CBG) are configured was discussed. The discussion point is how to understand the UE behaviour according to the current spec, and whether any enhancement/revision of the current spec is needed.  
Regarding how to understand “if , after the completion of the  and  loops for the pseudo-code for the second HARQ-ACK codebook generation in Clause 9.1.3.1, set  for both sub-codebooks, if any”, some companies have some concerns about “if any”. In our understanding, “if any” means a UE is provided PDSCH-CodeBlockGroupTransmission. The UE behaviour is clear that, UE determines HARQ-ACK bits for both CBG and TB sub-codebooks according to the single , if a UE is provided PDSCH-CodeBlockGroupTransmission for at least one serving cell. gNB may only schedules one sub-codebook for a PDSCH group for a PUCCH, the UE still has to report some bits of NACK for non-scheduled sub-codebook according to .  Although additional UCI overhead may be required, DCI overhead can be reduced. In addition, gNB can control the UCI overhead through a proper scheduling. 
In summary, this issue is not essential and current spec can work without further revision.
Observation：No need to further clarify the interpretation of T-DAI in DCI 1_1 for the non-scheduled group when two sub-codebooks (for TB and CBG) are configured.
Power control for one-shot HARQ-ACK feedback 
For DL transmission, the number of HARQ process is configurable from 2,4,6,8,10,12 and 16, therefore it is possible the total number of HARQ-ACK bits for one-shot HARQ-ACK feedback is no larger than 11 bit, when the number of HARQ process is less than 12. For Rel-15 semi-static codebook, if the total payload is no larger than 11 bits, the number of HARQ-ACK bits [image: ] for the purpose of PUCCH power control is determined by the number of received PDSCH. For Rel-16, how to determine [image: ] for one-shot HARQ-ACK feedback is missing. 
For one-shot HARQ feedback, NDI can be configured to be part of one-shot HARQ-ACK feedback. If NDI is not configured, UE is expected to reset HARQ-ACK state as NACK for a HARQ process ID once ACK is reported for the same HARQ process ID in the previous feedback. In this case, it is natural to not count in these NACK bits for the purpose of PUCCH power control, because these HARQ-ACK bits are corresponding to HARQ process IDs without PDSCH receiving after previous PUCCH transmission occasion, which is aligned with the principle in Rel-15. 
During the last meeting, some companies commented that UCI payload no larger than 11 bit is a rare case, so no need of specification. However, there would be a hole in the specification and unclear behaviour unless it is explicitly specified that a UE does not expect UCI payload no larger than 11 bits when a UE is configured with one-shot HARQ-ACK feedback. It does not make sense to add such restriction rather than specifying a proper behaviour for this case.  
Proposal 2: For one-shot HARQ-ACK feedback, if NDI is not configured, and if the number of UCI bits is smaller than or equal to 11 bits, the NACK bits for a HARQ process without PDSCH receiving after previous transmitted PUCCH occasion is not counted for the purpose of PUCCH power control. Adopt TP2 in the conclusion part.
Multiplexing HARQ-ACK of SPS release and one-shot HARQ-ACK feedback
	Agreement:
· No new DCI field is introduced for requesting Type-3 HARQ-ACK feedback without scheduling a PDSCH
· For DCI Format 1_1:
· To signal Type-3 HARQ-ACK codebook request without scheduling PDSCH with one-shot HARQ-ACK request field with value 1 in DCI Format 1_1 with CRC scrambled by C-RNTI or MCS-C-RNTI, use all ‘0’ FDRA for resourceAllocationType0 and all ‘1’ FDRA for resourceAllocationType 1 if resourceAllocation = dynamicSwitch is not provided, or use all “0” or all “1” FDRA if resourceAllocation = dynamicSwitch is provided. In this case, the UE does not consider the DCI format as indicating an active DL BWP provided by dormant-BWP or by first-non-dormant-BWP-ID-for-DCI-inside-active-time, if any.
· FFS: When DCI Format 1_1 is scrambled by CS-RNTI


One remaining issue is whether to support one-shot triggering by a DCI for SPS PDSCH. For a DCI activating SPS PDSCH or scheduling SPS PDSCH retransmission, it is natural to support one-shot triggering together with PDSCH scheduling so that the HARQ-ACK of SPS PDSCH can be reported in the triggered one-shot HARQ-ACK codebook. For a DCI indicating SPS release, on one hand, it seems reasonable to not support one-shot triggering in the release DCI, considering there is no bit location for SPS release DCI in one-shot HARQ-ACK codebook which is not associated with any HARQ process ID. On the other hand, if there is a proper way to map the HARQ-ACK of SPS release DCI in one-shot codebook, it is reasonable to support one-shot triggering in the release DCI. 
In previous meetings, some companies also discussed how to handle HARQ-ACK of SPS release which is included in an enhanced dynamic HARQ-ACK codebook and the dynamic codebook is overlapped with a one-shot HARQ-ACK codebook. Apparently, the same mechanism to determine HARQ-ACK of SPS release DCI is applicable to both cases, if supported. 
For both cases, if one-shot HARQ-ACK codebook does not support HARQ-ACK of SPS release DCI, gNB either has to allocate additional PUCCH for SPS release DCI or transmits SPS release DCI again, which reduces UL or DL transmission efficiency. Therefore, it is beneficial to support HARQ-ACK of SPS release in one-shot HARQ-ACK codebook. 
Proposal 3: Support HARQ-ACK multiplexing of SPS release and one-shot HARQ-ACK feedback at least for the following two cases,
	Case a) A first DCI indicates SPS release and a second DCI indicates one-shot HARQ-ACK feedback with HARQ-ACK in the same PUCCH slot.
	Case b) One DCI indicates both SPS release and one-shot HARQ-ACK feedback.
[bookmark: _GoBack]Considering the DCI indicating SPS release can be miss-detected by UE, to avoid any ambiguity of one-shot codebook size, the one-shot codebook size should be fixed no matter there is HARQ-ACK of SPS release DCI or not. The HARQ-ACK information bit of one HARQ process can be replaced by the HARQ-ACK information bit of SPS release. The replaced HARQ process can be either configured or implicitly determined. For example, the HARQ process of the latest received SPS PDSCH in a serving cell can be used as the candidate. 
Proposal 4: For HARQ-ACK multiplexing of SPS release and one-shot HARQ-ACK feedback, for a SPS PDSCH configured in a serving cell, the HARQ-ACK information bit(s) of the HARQ process of the latest received SPS PDSCH in one-shot HARQ-ACK codebook is replaced by the HARQ-ACK information bit of the DCI indicating SPS release. Adopt TP3 in the conclusion part.

3 Conclusions
Based on the discussion above, the proposals and observation in this contribution are summarized below. 
Proposal 1: For enhanced dynamic HARQ-ACK codebook using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, if the number of UCI bits is smaller than or equal to 11, the HARQ-ACK information bits for power control should consist of the HARQ-ACK information bits for both PDSCH groups and SPS PDSCH reception(s) when gNB triggers HARQ-ACK feedback for both PDSCH groups. Adopt TP1 in the conclusion part.  
Proposal 2: For one-shot HARQ-ACK feedback, if NDI is not configured, and if the number of UCI bits is smaller than or equal to 11 bits, the NACK bits for a HARQ process without PDSCH receiving after previous transmitted PUCCH occasion is not counted for the purpose of PUCCH power control. Adopt TP2 in the conclusion part.
Proposal 3: Support HARQ-ACK multiplexing of SPS release and one-shot HARQ-ACK feedback at least for the following two cases,
	Case a) A first DCI indicates SPS release and a second DCI indicates one-shot HARQ-ACK feedback with HARQ-ACK in the same PUCCH slot.
	Case b) One DCI indicates both SPS release and one-shot HARQ-ACK feedback.
Proposal 4: For HARQ-ACK multiplexing of SPS release and one-shot HARQ-ACK feedback, for a SPS PDSCH configured in a serving cell, the HARQ-ACK information bit(s) of the HARQ process of the latest received SPS PDSCH in one-shot HARQ-ACK codebook is replaced by the HARQ-ACK information bit of the DCI indicating SPS release. Adopt TP3 in the conclusion part.
Observation：No need to further clarify the interpretation of T-DAI in DCI 1_1 for the non-scheduled group when two sub-codebooks (for TB and CBG) are configured.
TP 1: 
	TS 38.213 
9.1.3.3	Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission
------------------ Unchanged part omitted ------------------------
The UE appends the HARQ-ACK information corresponding to SPS PDSCH receptions, if any, as described in Clause 9.1.3.1, after the first and second, if any, HARQ-ACK information.
If [image: ], the UE determines a number of HARQ-ACK information bits [image: ] for obtaining a transmission power for a PUCCH, as described in Clause 7.2.1, as






where  and are determined as in Clause 9.1.3.1 for PDSCH group g and , respectively, except that for group ,  and if , .
------------------ Unchanged part omitted ------------------------



TP 2:
	TS 38.213 
9.1.4 Type-3 HARQ-ACK codebook determination
------------------ Unchanged part omitted ------------------------
If [image: ], and if the UE determines a number of HARQ-ACK information bits [image: ] for obtaining a transmission power for a PUCCH in PUCCH transmission occasion i, as described in Clause 7.2.1, aswhere 
-	 is the number of transport blocks the UE receives after a previous transmitted PUCCH occasion i-1 for HARQ process ID h for serving cell [image: ] if harq-ACK-SpatialBundlingPUCCH and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 are not provided, or the number of PDSCH receptions if harq-ACK-SpatialBundlingPUCCH is provided.
-	 is the number of CBGs the UE receives after a previous transmitted PUCCH occasion i-1 for HARQ process ID h for serving cell [image: ] if PDSCH-CodeBlockGroupTransmission and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided.
------------------ Unchanged part omitted ------------------------



TP 3: 
	TS 38.213
[bookmark: _Toc29894846][bookmark: _Toc29899145][bookmark: _Toc29899563][bookmark: _Toc29917300][bookmark: _Toc36498174]9.1.4	Type-3 HARQ-ACK codebook determination
------------------ Unchanged part omitted ------------------------
If a UE receives a SPS PDSCH, or a PDSCH that is scheduled by a DCI format 1_0 for a serving cell  and if maxCodeBlockGroupsPerTransportBlock is provided for serving cell , and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided, the UE repeats  times the HARQ-ACK information for the transport block in the PDSCH.
If a UE detects a DCI format that includes a One-shot HARQ-ACK request field with value 1, the UE determines a PUCCH or a PUSCH to multiplex a Type-3 HARQ-ACK codebook for transmission in a slot as described in Clauses 9.2.3 and 9.2.5. The UE multiplexes only the Type-3 HARQ-ACK codebook in the PUCCH or the PUSCH for transmission in the slot. If the UE detects a DCI format indicating SPS release for a serving cell c with HARQ-ACK in the same PUCCH slot, the HARQ-ACK information bit(s) of the HARQ process of the latest received SPS PDSCH is replaced by the HARQ-ACK information bit of the DCI format indicating SPS release.  
------------------ Unchanged part omitted ------------------------
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