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The contribution is focused on text proposals for HARQ enhancement in Rel-16 NR-U.

Discussion
Type-2 HARQ-ACK codebook determination
For Type-2 HARQ-ACK codebook, also named enhanced dynamic HARQ-ACK codebook, PDSCH grouping is explicitly indicated by a group index in DCI scheduling the PDSCH. gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group. In addition, one DCI can request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH. So the number of PDSCH groups with corresponding requested HARQ-ACK feedback should be indicated in the DCI. Meanwhile, indication of NFI and T-DAI in non-fallback DCI for the non-scheduled group with single or multiple configured DL cells can be configured by RRC. 
Based on this, if enhanced dynamic codebook is configured, the non-fallback DCI, i.e., DCI format 1-1, includes below fields: 
· PDSCH Group index (GI): 1 bit (“0” for Group 0, “1” for Group 1)
· New Feedback Indicator (NFI) for the scheduled group: 1 bit. 
· Number of requested PDSCH groups: 1 bit (“0” for only the scheduled group, “1” for two groups).
· C-DAI for the scheduled PDSCH group: 2 bits
· T-DAI for the scheduled PDSCH group: 2 bits if more than one DL cell is configured 
· NFI for non-scheduled PDSCH group if the presence is configured: 1 bit
· T-DAI for non-scheduled PDSCH group if the presence is configured: 2 bits
However, the fallback DCI, i.e., DCI format 1-0, does not include one-bit PDSCH group index for fallback purpose. Consequently, some implicit rules are defined, e.g., PDSCH scheduled by DCI format 1-0 always implicitly belongs to PDSCH group index 0. Furthermore, DCI format 1-0 does not support a non-numerical K1 value to keep same K1 set of {1, 2, 3, 4, 5, 6, 7, 8} as usual. So DCI format 1-0 can’t indicate UE to postpone the HARQ-ACK feedback for the scheduled PDSCH. The related agreements are listed below:
	Agreement:
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· UE reports HARQ-ACK feedback for the corresponding PDSCH as part of the PDSCH group #0
· FFS: whether/how to define a rule for UE to determine NFI if NFI is not explicitly signalled
· The fallback DCI does not support signalling a non-numerical value of K1
· FFS: Whether NFI is introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation





Therefore, if a UE receives a first PDSCH scheduled by a first DCI format 1-1 that indicates a non-numerical HARQ feedback timing value, the UE shall postpone the corresponding HARQ-ACK feedback transmission. Upon detection of a second DCI format indicating a numerical HARQ timing value, the UE shall transmit the postponed HARQ-ACK feedback in a PUCCH or PUSCH transmission in a slot indicated by the numerical HARQ timing value if 
(1) the second DCI format is DCI format 1-1 and the first DCI format and the second DCI format indicate same PDSCH group index; OR
(2) the second DCI format is DCI format 1-0 and the first DCI format indicates PDSCH group 0 (Note: DCI format 1-0 does not include PDSCH group index while the scheduled PDSCH always implicitly belongs to PDSCH group index 0); OR
(3) the second DCI format indicates different group index to the first DCI format while the field of the number of requested PDSCH groups indicates HARQ-ACK feedback for two groups are requested; OR
(4) the second DCI format triggers one-shot HARQ-ACK feedback for all configured DL HARQ processes on all configured DL carriers.
However, the current TS38.213 covers only bullets (1) and (4) while both bullets (2) and (3) are missed. To fully capture existing agreements for Type 2 HARQ-ACK codebook determination, we have below text proposals:
TS38.213:
-----------------------------------------------8< BEGIN TEXT PROPOSAL >8-------------------------------------------------

9.1.3	Type-2 HARQ-ACK codebook determination 
This subclause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic or with pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16. Unless stated otherwise, a PDSCH-to-HARQ_feedback timing indicator field provides an applicable value.
If a UE receives a first PDSCH scheduled by a first DCI format 1-1 that the UE detects in a first PDCCH monitoring occasion and includes a PDSCH-to-HARQ_feedback timing indicator field providing an inapplicable value from dl-DataToUL-ACK, the UE does not multiplex corresponding HARQ-ACK information in a PUCCH or PUSCH transmission. The UE multiplexes the HARQ-ACK information in a PUCCH or PUSCH transmission in a slot that is indicated by a value of a PDSCH-to-HARQ_feedback indicator timing field in a second DCI format the UE detects in any PDCCH monitoring occasion after the first one
-	if the UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the second DCI format is DCI format 1-1, and both the first DCI format 1-1 and the second DCI format 1-1 include indicate a same PDSCH_ group index indicator field with a same value as described in Subclause 9.1.3.3. 
-	if the UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the second DCI format is DCI format 1-0, and the first DCI format 1-1 indicates PDSCH group 0 as described in Subclause 9.1.3.3. 
-	if the UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the second DCI format is DCI format 1-1 and indicates different PDSCH group index to the first DCI format 1-1 while the field of the number of requested PDSCH groups in the second DCI format 1-1 indicates HARQ-ACK feedback for two groups are requested as described in Subclause 9.1.3.3. 
-	if the UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the second DCI format includes a One-shot HARQ-ACK request field and the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in Subclause 9.1.4, when a value of the One-shot HARQ-ACK request field is 1.
If a UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16 and receives a PDSCH scheduled by a DCI format 1-0, the PDSCH is included in PDSCH group 0 and the UE multiplexes the HARQ-ACK information in a PUCCH or PUSCH transmission in a slot that is indicated by a value of a PDSCH-to-HARQ_feedback indicator timing field. 
*** Unchanged text is omitted ***
-----------------------------------------------8< END TEXT PROPOSAL >8-------------------------------------------------

Correspondingly, to fully capture existing agreements for Type 2 HARQ-ACK codebook determination, we have below text proposals for indicating the values of PDSCH group index, number of requested PDSCH groups in DCI format 1-1 in TS38.212:
[bookmark: _GoBack]TS38.212:
-----------------------------------------------8< BEGIN TEXT PROPOSAL >8-------------------------------------------------
[bookmark: _Toc19798779]7.3.1.2.2	Format 1_1
<Unchanged part omitted>
Downlink assignment index – number of bits as defined in the following
-	6 bits if more than one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-Included-r16 = enable. The 4 MSB bits are the counter DAI and the total DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group.
-	4 bits if only one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-Included-r16 = enable. The 2 MSB bits are the counter DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group;
-	4 bits if more than one serving cell are configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-r16 is not configured, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	2 bits if only one serving cell is configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-r16 is not configured, where the 2 bits are the counter DAI;
-	0 bits otherwise.
-	TPC command for scheduled PUCCH – 2 bits as defined in Subclause 7.2.1 of [5, TS 38.213]
-	PUCCH resource indicator – 3 bits as defined in Subclause 9.2.3 of [5, TS 38.213]

-	PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Subclause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as bits, where I is the number of entries in the higher layer parameter dl-DataToUL-ACK.
-	One-shot HARQ-ACK request – 0 or 1 bit.
-	1 bit if higher layer parameter pdsch-HARQ-ACK-OneShotFeedback-r16 is configured;
-	0 bit otherwise.
-	PDSCH group index – 0 or 1 bit.
-	1 bit if the higher layer parameter pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16; Bit “0” indicates the scheduled group is PDSCH group 0 and bit “1” indicates the scheduled group is PDSCH group 1.
-	0 bit otherwise.
-	New feedback indicator – 0, 1 or 2 bits. 
	-	1 bit if the higher layer parameter pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16 and the higher layer parameter NFI-TotalDAI-Included-r16 is not configured; 
	-	2 bits if the higher layer parameter pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16 and the higher layer parameter NFI-TotalDAI-Included-r16 = enable; The MSB bit is the NFI for the scheduled PDSCH group, and the LSB bit is the NFI for the non-scheduled PDSCH group;
	- 	0 bit otherwise. 
-	Number of requested PDSCH group(s) – 0 or 1 bit.
-	1 bit if the higher layer parameter pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16; Bit “0” indicates HARQ-ACK feedback only for the scheduled group is requested and bit “1” indicates HARQ-ACK feedback for both PDSCH groups is requested.
-	0 bit otherwise.
<Unchanged part omitted>
-----------------------------------------------8< END TEXT PROPOSAL >8-------------------------------------------------

CBG issues in Type-3 HARQ-ACK codebook determination
For Rel-16 NR-U, one-shot HARQ-ACK feedback is specified as a fallback solution for both Type 1 and Type 2 HARQ-ACK codebook determination. In detail, as long as the DCI format 1-1 with one-shot HARQ-ACK request is received, UE shall transmit the HARQ-ACK information bits for all the configured downlink HARQ processes on each of the configured DL carriers. In this way, not only the postponed HARQ-ACK feedback for PDSCHs in the earlier COT but also the previously transmitted HARQ-ACK feedback can be triggered for transmission. 
In RAN1#99 meeting, regarding the one-shot HARQ-ACK codebook determination, below agreements are made:
	Agreement:
For one-shot HARQ feedback:
· NDI can be configured to be part of one-shot HARQ feedback.
· When NDI is configured
· The latest NDI value detected by the UE is reported along with HARQ-ACK for the corresponding HARQ process ID. The UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· NDI is included for each TB
· When NDI is not configured
· NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· UE is expected to reset HARQ-ACK state (as DTX or NACK) for a HARQ process ID once ACK is reported for the same HARQ process ID in the previous feedback
· CBG-based HARQ-ACK or TB-based HARQ-ACK can be configured to be part of the one-shot HARQ feedback for the CCs configured with CBG.
· Note: For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, the UE does not consider this PDSCH for one-shot HARQ codebook composition  




Based on the above highlighted agreement, if a carrier is configured with CBG-based retransmission, then each TB of each DL HARQ process is mapped to M HARQ-ACK information bits, where M is RRC configured maximum number of CBGs per TB. However, one problem needs to be resolved when the number of code blocks of one TB is smaller than the configured maximum number of CBGs per TB. E.g., when a TB consists of N code blocks, N<M, then there are N CBGs for this TB with each CBG including one code block. Since M HARQ-ACK information bits are required for the TB if the UE is configured with CBG-based retransmission, N HARQ-ACK information bits corresponding to N CBGs are placed firstly then appended by M-N NACK bits. 
However, for Type 3 HARQ-ACK codebook determination in current TS38.213, the case of smaller number of code blocks than RRC configured maximum number of CBGs per TB is not considered. When the case happens, the pseudo code does not work. 

Spatial bundling issues in Type-3 HARQ-ACK codebook determination
Another issue for Type 3 HARQ-ACK codebook determination is NDI included in HARQ-ACK codebook for associated TB when NDI is configured in HARQ-ACK codebook. In detail, for a serving cell, when NDI is configured in HARQ-ACK codebook and maxNrofCodeWordsScheduledByDCI for the serving cell is 2, i.e., two TBs are carried by one PDSCH, and if spatial bundling is not configured for the serving cell, for a given PDSCH, the corresponding HARQ-ACK feedback consists of two HARQ-ACK information bits plus two NDI bits; and if spatial bundling is configured for the serving cell, for a given PDSCH, the corresponding HARQ-ACK feedback consists of at least one bit generated by performing logic AND operation between two HARQ-ACK information bits. One problem is how to transmit the two NDI bits. Similar to logic AND operation for two HARQ-ACK information bits, a simple way is also to perform logic AND operation for the two NDI bits. In this way, the pseudo code for the type 3 HARQ-ACK codebook can work properly when spatial bundling is configured.   
Text proposals for capturing above issues of 2.2 and 2.3 in Type-3 HARQ-ACK codebook determination
TS38.213
--------------------------------------8< BEGIN TEXT PROPOSAL >8----------------------------------------------

9.1.4	Type-3 HARQ-ACK codebook determination 
If a UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the UE determines a Type-3 HARQ-ACK codebook according to the following procedure.
Set  to the number of serving cells
Set  to the value of nrofHARQ-ProcessesForPDSCH for serving cell , if provided; else, set 
Set  to the value of maxNrofCodeWordsScheduledByDCI for serving cell  if harq-ACK-SpatialBundlingPUCCH is not provided; else, set 

Set  to the number of HARQ-ACK bits corresponding to [image: ] code blocks (CBs) in a transport block t on serving cell c according to Clause 5.1.7.1 of [6, TS 38.214]. 
Set  to the RRC configured maximum number of HARQ-ACK information bits per TB for PDSCH receptions on serving cell  as described in Subclause 9.1.1 if maxCodeBlockGroupsPerTransportBlock is provided for serving cell  and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided; else, set 
Set  if pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is provided; else set 
Set  – serving cell index
Set  – HARQ process number
Set  – TB index
Set  – CBG index
Set 
while 
	while 
if 
		      if 
while 
while 

     if 

							= HARQ-ACK information bit for CBG  of TB  for HARQ process number  of serving cell 
                                     else

                                                     = NACK bit 
                                    end if
							
							
						end while


						= last NDI value for TB  for HARQ process number  on serving cell , if any; else, 
						
 						
						
					end while
else
                if harq-ACK-SpatialBundlingPUCCH is not provided
     while 

						= HARQ-ACK information bit for TB  for HARQ process  of serving cell 
						


						= last NDI value for TB  for HARQ process number  on serving cell , if any; else, 
						
						
					end while
				else
           while 

						=  binary AND operation of the HARQ-ACK information bits for TB t and TB t+1 for HARQ process  of serving cell 
						

						= binary AND operation of last NDI bits for TB t and TB t+1 for HARQ process number  on serving cell 
						
						t=t+2
					end while

				end if
				
else
				if 
while 
	if UE has reported ACK for TB  for HARQ process number  on serving cell 
while 

								
								
								
							end while
						else
while 

                if 

								= HARQ-ACK information bit for CBG  of TB  for HARQ process number  of serving cell 
                                            else

                                                     = NACK bit 
                                            end if
								
								
							end while
						end if
						
						
					end while
else
while 
	if UE has reported NACK for TB  for HARQ process number  on serving cell  

							= HARQ-ACK information bit for TB  for HARQ process  of serving cell 
							
							
else

							
							
							
						end if
					end while
				end if
				
end if
			
		end while
		
		
	end while
If the 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 Subclause 9.2.5. The UE multiplexes only the Type-3 HARQ-ACK codebook in the PUCCH or the PUSCH for transmission in the slot.
-----------------------------------------------8< END TEXT PROPOSAL >8-------------------------------------------------

RV indication for multi-PUSCH scheduling in DCI format 0-1

Multi-PUSCH scheduling is specified in Rel-16 NR-U, which can support up to 8 PUSCHs scheduled by single UL grant. Generally, RV information is PUSCH-specific. If two RV bits are included in the UL grant for each scheduled PUSCH, then maximum 16 RV bits are required in the UL grant scheduling 8 PUSCHs. To reduce the signaling overhead of RV indication, RAN1 agree 1 RV bit per PUSCH in case of more than one PUSCH is scheduled and 2 RV bits for the scheduled PUSCH if a single PUSCH is scheduled. The related agreements are listed below:
	Agreement:
For scheduling multiple PUSCHs by a single DCI Format 0_1:
· The same DCI Format 0_1 can schedule a single PUSCH or multiple PUSCHs
· Maximum number of PUSCHs that can be configured in a row of the TDRA table: 8
· The number of NDI bits and RV bits in DCI format 0_1 is determined based on the configured TDRA table
· 1 RV bit per PUSCH in case multiple PUSCHs are scheduled
· 2 RV bits for the PUSCH in case only a single PUSCH is scheduled

Agreement:
The single bit for RV values chooses from RV {0, [2 or 3]}





As mentioned above, the RV version for multiple PUSCH scheduling is not decided yet. Considering RV3 is self-decodable as RV0, RV2 is slightly better than RV3 since RV2 can provide more redundancy check bits. We propose either RV0 or RV2 is indicated by the single RV bit per PUSCH. So the corresponding text proposals for TS38.212 is listed below:
TS38.212
-----------------------------------------------8< BEGIN TEXT PROPOSAL >8-------------------------------------------------

[bookmark: _Toc19798776]7.3.1.1.2	Format 0_1
DCI format 0_1 is used for the scheduling of one or multiple PUSCH in one cell, or indicating CG downlink feedback informatin (CG-DFI) to a UE. 
<Unchanged part omitted>
Table 7.3.1.1.2-34: Redundancy version
	Value of the Redundancy version field
	
Value of  to be applied

	0
	0

	1
	[2 or 3]



-----------------------------------------------8< END TEXT PROPOSAL >8-------------------------------------------------

Conclusion
In this contribution, we focus on the HARQ enhancement issues and propose some text proposals for Type-2 HARQ-ACK codebook determination, Type-3 HARQ-ACK codebook determination, and RV indication as above. 
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