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1	Introduction
Support of Type-1 HARQ-ACK codebook with PUCCH sub-slot configurations was discussed in RAN1 #102-e as a Rel-16 question [R1-2007448, Summary #4 of email thread[102-e-NR-L1enh_URLLC-UCI_Enh-02]] and as a Rel-17 topic [R1-2007354, Summary #4 of [102-e-NR_IIoT_URLLC_enh-01]]. Rel-16 discussions ended with different opinions on the level of support in the existing specification. As discussed in Section 2, our view is that the present Rel-16 specification supports the feature only in special cases. In this contribution, we describe a correction for supporting the feature fully already in Rel-16.  
[bookmark: _Toc415085486][bookmark: _Toc503902285]2	Type-1 HARQ-ACK Codebook based on sub-slot PUCCH-Config
In the moderator / FL summary of R1-2007354 on HARQ-ACK feedback enhancements for NR Rel-17 URLLC/IIoT, the following options has been summarized:
	The following procedures on how to define the sub-slot Type 1 HARQ-ACK are mentioned by different companies: 
· HW/HiSi [1]: “For example, the associated sub-slots of a given UL sub-slot can be determined based on the configured K1 set, then for each sub-slot the SLIVs whose ending symbols are located in this sub-slot are selected from the configured SLIV set and the SLIV splitting is performed for these SLIVs belonging to the same sub-slot to get the PDSCH occasion per sub-slot”
· CATT [7]: Remove redundant HARQ-ACK bits based on the boundary of UL sub-slots
· NEC [8]: 
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. N is the number of sub-slot within a slot.
· Step 3: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.
· OPPO [2]: For a given sub-slot, if the last symbols of the PDSCH time resource derived by a TDRA row r is not in the sub-slot, row r is removed from the cardinality of TDRA rows.
· Spread [16]: Similar as Rel-16 type 1 codebook, the union set of row indexed of TDRAs are used to determine the PDSCH occasions, including for DCI formats the UE is configured to monitor PDCCH and  reference of SLIV if it is configured.  



It has been raised whether the Type-1 HARQ-ACK codebook construction algorithm already supports a sub-slot PUCCH-config, and according to our analysis the current algorithm has the following issues: 
· For a sub-slot PUCCH-config, K1 is in the unit of sub-slots. Then the start and/or the end of the HARQ-ACK window may not be aligned with the DL slot boundary. In practice this means that a UL (sub-)slot may have a shorter duration than the DL slot, which is currently not supported (µUL ≤ µDL). Examples of this are presented with the example HARQ-ACK windows in PUCCH configuration A, B and C in Figure 1.
· The existing Type-1 HARQ-ACK codebook results in using all TDRA rows in a DL slot even if an UL PUCCH slot only spans a fraction of a DL slot resulting is unnecessary large CB size. PUCCH configuration A, B and C with the example HARQ-ACK windows in Figure 1 are examples of this. 
· The algorithm does not support the case where a UL sub-slot starts in DL slot #(n) and ends in DL slot #(n+1), and hence crosses the DL slot boundary. An example of this is provided with PUCCH configuration C (i.e. 2OS sub-slot PUCCH with 15kHz SCS and PDSCH with 30kHz SCS) in Figure 1. Note that this can only occur when operating with different SCS in UL and DL (i.e. µUL<µDL) and sub-slot PUCCH configuration is used. 
[image: ]
Figure 1. Illustration of issues related to Type-1 HARQ-ACK codebook construction algorithm on sub-slot PUCCH. Example HARQ-ACK windows are marked in red. 
The proposal made by NEC in R1-2007354 addresses all but the last of the above issues. Further this proposal also seems to reflect, based on our understanding, the proposals from HW/HiSi and OPPO. The proposal by CATT can also be interpreted as an alternative formulation of HW/HiSi and NEC, as these are also removing redundant bits. The proposal from Spreadtrum addresses the last issue occurring with cross numerologies, and hence our proposal includes the proposal from Spreadtrum into the proposal from NEC. This is done by adding an additional step between Step 1 and 2. Red text is modifications and red text with a strikethrough is removed text on top of the NEC proposal to RAN1#102-e.
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: If a UL sub-slot in the HARQ-ACK window spans multiple DL slots, create a new TDRA table which is the union of the configured TDRA table and the configured TDRA table offset by 14 symbols. 
· Step 2 Step 3: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. N is the number of sub-slots within a slot.
· Step 3 Step 4: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.
The 2OS sub-slot and 15kHz SCS and 30kHz SCS DL PDSCH in Figure 1 illustrates the need for the additional step, as TDRA entries starting in the overlapped DL slot would otherwise not be considered as codebook for the associated sub-slot. An example of Step 2 with a configured TDRA table {S1, L1; S2, L2; S3, L3; S4, L4;} would create a new union TDRA table: {S1, L1; S2, L2; S3, L3; S4, L4; S1+14, L1; S2+14, L2; S3+14, L3; S4+14, L4;}
Proposal 1: Change the Type-1 HARQ-ACK codebook algorithm to support sub-slot and cross numerologies by enhancing the proposal from NEC to four steps:
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: If a UL sub-slot in the HARQ-ACK window spans multiple DL slots, create a new TDRA table which is the union of the configured TDRA table and the configured TDRA table offset by 14 symbols.     
· Step 3: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. N is the number of sub-slots within a slot.
· Step 4: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.
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<omitted text>
9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell , an active DL BWP, and an active UL BWP, as described in Clause 12, the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot . If serving cell  is deactivated, the UE uses as the active DL BWP for determining the set of  occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
a)	on a set of slot timing values  associated with the active UL BWP
a)	If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for either DCI format 1_1 or DCI format 1_2 on serving cell ,  is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} 
b)	If the UE is configured to monitor PDCCH for DCI format 1_1 and is not configured to monitor PDCCH for DCI format 1_2 for serving cell ,  is provided by dl-DataToUL-ACK 
c)	If the UE is configured to monitor PDCCH for DCI format 1_2 and is not configured to monitor PDCCH for DCI format 1_1 for serving cell ,  is provided by dl-DataToUL-ACK-ForDCIFormat1_2 
d)	If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell ,  is provided by the union of dl-DataToUL-ACK and dl-DataToUL-ACK-ForDCIFormat1_2 
b)	on a set of row indexes  of a table that is associated with the active DL BWP and defining respective sets of slot offsets , start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214], where the row indexes  of the table are provided by the union of row indexes of time domain resource allocation tables for DCI formats the UE is configured to monitor PDCCH for serving cell 
a)	if the UE is provided ReferenceofSLIV-ForDCIFormat1_2, for each row index with slot offset  and PDSCH mapping Type B in a set of row indexes of a table for DCI format 1_2 [6, TS 38.214], for each PDCCH monitoring occasion in a set of PDCCH monitoring occasions with different starting symbols within a slot where the UE monitors PDCCH for DCI format 1_2 and with starting symbol , if  for normal cyclic prefix and   for extended cyclic prefix, add a new row index in the set of row indexes of the table by replacing the starting symbol  of the row index by 
c)	on the ratio  between the downlink SCS configuration  and the uplink SCS configuration  provided by subcarrierSpacing in BWP-Downlink and BWP-Uplink for the active DL BWP and the active UL BWP, respectively
d)	if provided, on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated as described in Clause 11.1 
e)	if ca-SlotOffset is provided, on and  provided by ca-SlotOffset for serving cell , or on  and  provided by ca-SlotOffset for the primary cell, as described in [4, TS 38.211].
f)   indicated by subslotLength-ForPUCCH in symbols, if provided, otherwise set to 14, resulting into   PUCCH slots in a UL slot.
If a UE
-	is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided CORESETPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ackNACKFeedbackMode-r16 = joint
where 
-	a serving cell is placed in a first set  of  serving cells if the serving cell includes a first CORESET, and
-	a serving cell is placed in a second set  of  serving cells if the serving cell includes a second CORESET, and
-	serving cells are placed in a set according to an ascending order of a serving cell index
the UE generates a Type-1 HARQ-ACK codebook for the set   and the set  of serving cells separately by setting  and  in the following pseudo-code. The UE concatenates the HARQ-ACK codebook generated for the set  followed by the HARQ-ACK codebook generated for the set  to obtain a total number of [image: ] HARQ-ACK information bits.
For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH reception. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to multiple SPS PDSCH releases by a single DCI format is same as for a corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases.
Set [image: ] - index of occasion for candidate PDSCH reception or SPS PDSCH release
Set [image: ]
Set [image: ]
Set [image: ] to the cardinality of set [image: ]
Set k =0 – index of slot timing values [image: ], in descending order of the slot timing values, in set [image: ] for serving cell [image: ]
 – set of TDRA entries associated with a PUCCH slot. 
Set  – index of a DL slot within an UL slot
If a UE is not provided ca-SlotOffset for any serving cell of PDSCH receptions and for the serving cell of corresponding PUCCH transmission with HARQ-ACK information
while  	Comment by Nokia: This loop corresponds to Step 2, as described in Proposal 1: 
Step 2: If a UL sub-slot in the HARQ-ACK window spans multiple DL slots, create a new TDRA table which is the union of the configured TDRA table and the configured TDRA table offset by 14 symbols. 

Note that different UL and DL SCS is what may trigger having an UL sub-slot which spans across multiple DL slots.
For each row on , for which the PDSCH end symbol S+L-1 overlaps with the PUCCH slot , modify start OFDM symbol index  to  to obtain 
Set  

end while

while 	Comment by Nokia: This loop corresponds to Step 3, as described in Proposal 1: 
Step 3: Split the TDRA table into N sub-tables (denoted as Ri) based on the sub-slot length and PDSCH-to UL sub-slot association. N is the number of sub-slots within a slot.

A TDRA row r is assigned to Ri, if the DL ending symbol (S+L) is larger than the first corresponding UL symbol index of the PUCCH (sub-)slot and smaller or equal to the corresponding UL symbol index of the PUCCH (sub-)slot.
r=0
while 
=
Set S and L to be the start and length of the r-th entry in set 
if  
 
end

end
end
while [image: ] 	Comment by Nokia: This loop corresponds to Step 4, where pruning is done per sub-slot, as described in Proposal 1: 
Step 4: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.
if [image: ] 
Set [image: ] – index of a DL slot within an UL slot
while [image: ] 
Set  to the set of rows, where   
Set [image: ] to the cardinality of [image: ]
Set [image: ] – index of row in set [image: ]
if slot [image: ] starts at a same time as or after a slot for an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and the corresponding DL slot to PUCCH slot  slot  is before the slot for the active DL BWP change on serving cell [image: ] or the active UL BWP change on the PCell 
; 
; 
else 
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row [image: ] in each of the corresponding DL slot and the preceding   DL slots is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 
[image: ];
else
[image: ]; 
end if
end while
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and [image: ], 
[image: ]; 
[image: ];
else 
Set [image: ] to the cardinality of [image: ]
Set [image: ] to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of [image: ]
while [image: ]
Set [image: ] 
while [image: ]
if [image: ] for start OFDM symbol index [image: ] for row [image: ] 
 ; - index of occasion for candidate PDSCH reception or SPS PDSCH release associated with row [image: ]
[image: ];
;
;
else
[image: ]; 
end if
end while
[image: ]
[image: ];
Set [image: ] to the smallest last OFDM symbol index among all rows of [image: ];
end while
end if
;
; 
end if
end while
end if
; 
end while
else 
while  	Comment by Nokia: Type-1 CB construction is repeated now for the case where ca-SlotOffset is provided.

For each row on , for which the PDSCH end symbol S+L-1 overlaps with the PUCCH slot  modify start OFDM symbol index  to  to obtain 
Set  

end while

while 
r=0
while 
=
Set S and L to be the start and length of the r-th entry in set 
if  
 
end

end
end
while [image: ] 
if  
Set   – index of a DL slot within an UL slot
while  
Set  to the set of rows, where   
Set [image: ] to the cardinality of [image: ]
Set [image: ] – index of row in set [image: ]
if slot [image: ] starts at a same time as or after a slot for an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and the corresponding DL slot to PUCCH slot  
 is before the slot for the active DL BWP change on serving cell [image: ] or the active UL BWP change on the PCell 
; 
else 
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row [image: ] in each of the corresponding DL slot and the preceding   DL slots is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 
[image: ];
else
[bookmark: _GoBack][image: ]; 
end if
end while
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and [image: ], 
[image: ]; 
[image: ];
else 
Set [image: ] to the cardinality of [image: ]
Set [image: ] to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of [image: ]
while [image: ]
Set [image: ] 
while [image: ]
if [image: ] for start OFDM symbol index [image: ] for row [image: ] 
 ; - index of occasion for candidate PDSCH reception or SPS PDSCH release associated with row [image: ]
[image: ];
;
;
else
[image: ]; 
end if
end while
[image: ]
[image: ];
Set [image: ] to the smallest last OFDM symbol index among all rows of [image: ];
end while
end if
;
; 
end if
end while
end if
; 
end while
end if
If the UE indicates a capability to receive more than one PDSCH per slot, for occasions of candidate PDSCH receptions corresponding to rows of  associated with a same value of   , where  , the UE does not expect to receive more than one PDSCH in a same DL slot. 
<omitted text>
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