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[bookmark: _Ref521334010]Introduction
In Rel-17 IIoT/URLLC, SPS deferral and HARQ-ACK codebook retransmission are supported. However, it is not clear how to determine PUCCH power control parameter  and  for a PUCCH with HARQ-ACK when SPS deferral and/or HARQ-ACK codebook retransmission are configured. 
In this contribution, we discuss possible schemes to define the  and  and corresponding TPs are provided.
Discussion
When SPS deferral and/or HARQ-ACK codebook retransmission are configured, there are at most three types of HARQ-ACK codebook multiplexed in one PUCCH, i.e. HARQ-ACK codebook with initial HARQ-ACK information bits, HARQ-ACK codebook with HARQ-ACK retransmission bits and HARQ-ACK codebook with deferred SPS HARQ-ACK information bits. The HARQ-ACK in PUCCH is obtained by concatenating the three types of HARQ-ACK codebook.
It is quite intuitive to define the total number of HARQ-ACK information bits of the three types of HARQ-ACK codebook as PUCCH power control parameter . However, there are different opinions to define the PUCCH power control parameter  for a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a number of UCI bits smaller than or equal to 11 as discussed in last meeting[1]. We think there are three possible options to define  as below:
· Option 1:   
· Option 2:   
· Option 3:  
· Where
·  is the number of HARQ-ACK information bits for HARQ-ACK codebook retransmission
· is the number of HARQ-ACK information bits for initial HARQ-ACK transmission
·  is the number of deferred HARQ-ACK information bits for SPS PDSCH reception
·  is the number of HARQ-ACK information bits that the UE determines as described in TS38.213 clause 9.1.2.1 or 9.1.3.1 for HARQ-ACK codebook retransmission
·  is the number of HARQ-ACK information bits that the UE determines as described in TS38.213 clause 9.1.2.1 or 9.1.3.1 for initial HARQ-ACK codebook
Option 1 is simple but would cause unnecessary higher UE power consumption if there are placeholder information bits in HARQ-ACK codebook. Option 3 is the most optimal scheme for UE power consumption, but UE needs to store or recalculate  for the retransmitted HARQ-ACK codebook, which would increase the UE implementation complexity. Option 2 is a trade-off between UE power consumption and implementation complexity where UE determines  as the number of HARQ-ACK information bits for HARQ-ACK codebook retransmission, and determines  as the number of deferred HARQ-ACK information bits for SPS PDSCH receptions, and  is determined same as the case when only initial HARQ-ACK codebook is transmitted. 
TPs for the three options are provided below respectively, it is proposed to discuss and adopt one of the options for PUCCH power control parameter determination.
Proposal: Adopt one of the following TPs for PUCCH power control parameter determination.

TP for Option 1:
[bookmark: _Toc12021448][bookmark: _Toc20311560][bookmark: _Toc26719385][bookmark: _Toc29894816][bookmark: _Toc29899115][bookmark: _Toc29899533][bookmark: _Toc29917270][bookmark: _Toc36498144][bookmark: _Toc45699170][bookmark: _Toc137056364]7.2.1	UE behaviour
If a UE transmits a PUCCH on active UL BWP  of carrier  in the primary cell  using PUCCH power control adjustment state with index , the UE determines the PUCCH transmission power  in PUCCH transmission occasion  as
[image: ] [dBm]
where 
<Unchanged parts are omitted>
-	 is a PUCCH transmission power adjustment component on active UL BWP  of carrier  of primary cell 
-	For a PUCCH transmission using PUCCH format 0 or PUCCH format 1,  where 
-	 is a number of PUCCH format 0 symbols or PUCCH format 1 symbols for the PUCCH transmission as described in clause 9.2.
-	 for PUCCH format 0 
-	 for PUCCH format 1
-	For PUCCH format 0,  
-	For PUCCH format 1
-	if the PUCCH transmission provides multicast HARQ-ACK information according to the second HARQ-ACK reporting mode as described in clause 18, 
-	otherwise, , where  is a number of UCI bits in PUCCH transmission occasion  
-	For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a number of UCI bits smaller than or equal to 11, , where 
-	
[bookmark: _GoBack]-	 is a number of HARQ-ACK information bits that the UE determines as described in clause 9.1.2.1 or 16.5.1.1 for Type-1 HARQ-ACK codebook and as described in clause 9.1.3.1 or 9.1.3.3 or 16.5.2.1 for Type-2 HARQ-ACK codebook.  is the same as  as described in clause 9.1.4 for Type-3 HARQ-ACK codebook, or as described in clause 9.1.5 for HARQ-ACK codebook retransmission, or as described in clause 9.2.5.4 for deferring HARQ-ACK for SPS PDSCH. If the UE is not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-Codebook-r16, or pdsch-HARQ-ACK-OneShotFeedback,  if the UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, 
-	 is a number of SR information bits that the UE determines as described in clause 9.2.5.1
-	 is a number of CSI information bits that the UE determines as described in clause 9.2.5.2
-	 is a number of resource elements determined as , where  is a number of subcarriers per resource block excluding subcarriers used for DM-RS transmission, and  is a number of symbols excluding symbols used for DM-RS transmission, as defined in clause 9.2.5.2, for PUCCH transmission occasion  on active UL BWP  of carrier  of primary cell  
-	For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a number of UCI bits larger than 11, , where 
-	
-	
-	 is a number of HARQ-ACK information bits that the UE determines as described in clause 9.1.2.1 or 16.5.1.1 for Type-1 HARQ-ACK codebook and as described in clause 9.1.3.1 or 9.1.3.3 or 16.5.2.1 for Type-2 HARQ-ACK codebook, or as described in clause 9.1.4 for Type-3 HARQ-ACK codebook, or as described in clause 9.1.5 for HARQ-ACK codebook retransmission, or as described in clause 9.2.5.4 for deferring HARQ-ACK for SPS PDSCH. If the UE is not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-Codebook-r16, or pdsch-HARQ-ACK-OneShotFeedback,  if the UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, 
-	 is a number of SR information bits that the UE determines as described in clause 9.2.5.1
-	 is a number of CSI information bits that the UE determines as described in clause 9.2.5.2 
-	 is a number of CRC bits that the UE determines as described in clause 9.2
-	 is a number of resource elements that the UE determines as , where  is a number of subcarriers per resource block excluding subcarriers used for DM-RS transmission, and  is a number of symbols excluding symbols used for DM-RS transmission, as defined in clause 9.2.5.2, for PUCCH transmission occasion  on active UL BWP  of carrier  of primary cell .
<Unchanged parts are omitted>
[bookmark: _Toc137056396]9.1.5	HARQ-ACK codebook retransmission 
<Unchanged parts are omitted>
If the UE would also multiplex in the PUCCH transmission in slot  a second HARQ-ACK codebook with second HARQ-ACK information of same priority value as for the first HARQ-ACK information in the first HARQ-ACK codebook, the UE appends the first HARQ-ACK codebook to the second HARQ-ACK codebook. The UE determines to multiplex the second HARQ-ACK information in the PUCCH transmission in slot  as described in clause 9.2.3.  is the total number of the first HARQ-ACK information bits and the second HARQ-ACK information bits.
If in slot  the UE performs a procedure for deferring first HARQ-ACK information for SPS PDSCH receptions, as described in clause 9.2.5.4, and the first HARQ-ACK information has same priority value as a priority value indicated by the DCI format triggering the PUCCH transmission in slot , the UE multiplexes in the PUCCH transmission in slot  second HARQ-ACK information with the priority value that results in slot  according to the procedure in this clause, by appending the first HARQ-ACK information to the second HARQ-ACK information. If the UE would also multiplex in the PUCCH transmission in slot  third HARQ-ACK information with the priority value, the UE appends the second HARQ-ACK information followed by the first HARQ-ACK information to the third HARQ-ACK information. The UE determines to multiplex the third HARQ-ACK information in the PUCCH transmission in slot  as described in clause 9.2.3.  is the total number of the first HARQ-ACK information bits, the second HARQ-ACK information bits and the third HARQ-ACK information bits.
If in slot  the UE would transmit a first PUCCH with first HARQ-ACK information over more than one slot and a second PUCCH with second HARQ-ACK information over one or more slots, where the first and second HARQ-ACK information have same priority value, the UE multiplexes in the PUCCH transmission in slot  one of
-	the first HARQ-ACK information if the first PUCCH starts at an earlier slot than the second PUCCH, or
-	the second HARQ-ACK information if the second PUCCH starts at an earlier slot than the first PUCCH.
<Unchanged parts are omitted>
[bookmark: _Toc137056407]9.2.5.4	UE procedure for deferring HARQ-ACK for SPS PDSCH 
<Unchanged parts are omitted>
The UE does not expect to be provided both sps-HARQ-Deferral and nrofSlots or pucch-RepetitionNrofSlots for any PUCCH resource of same priority.
 is the total number of the second HARQ-ACK information bits as described in this clause and HARQ-ACK information in the HARQ-ACK codebook the UE generates as described in clauses 9.1.2, 9.1.2.1, 9.1.3.1. 

TP for Option 2:
7.2.1	UE behaviour
If a UE transmits a PUCCH on active UL BWP  of carrier  in the primary cell  using PUCCH power control adjustment state with index , the UE determines the PUCCH transmission power  in PUCCH transmission occasion  as
[image: ] [dBm]
where 
<Unchanged parts are omitted>
-	 is a PUCCH transmission power adjustment component on active UL BWP  of carrier  of primary cell 
-	For a PUCCH transmission using PUCCH format 0 or PUCCH format 1,  where 
-	 is a number of PUCCH format 0 symbols or PUCCH format 1 symbols for the PUCCH transmission as described in clause 9.2.
-	 for PUCCH format 0 
-	 for PUCCH format 1
-	For PUCCH format 0,  
-	For PUCCH format 1
-	if the PUCCH transmission provides multicast HARQ-ACK information according to the second HARQ-ACK reporting mode as described in clause 18, 
-	otherwise, , where  is a number of UCI bits in PUCCH transmission occasion  
-	For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a number of UCI bits smaller than or equal to 11, , where 
-	
-	 is a number of HARQ-ACK information bits that the UE determines as described in clause 9.1.2.1 or 16.5.1.1 for Type-1 HARQ-ACK codebook and as described in clause 9.1.3.1 or 9.1.3.3 or 16.5.2.1 for Type-2 HARQ-ACK codebook, or as described in clause 9.1.5 for HARQ-ACK codebook retransmission, or as described in clause 9.2.5.4 for deferring HARQ-ACK for SPS PDSCH.  is the same as  as described in clause 9.1.4 for Type-3 HARQ-ACK codebook. If the UE is not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-Codebook-r16, or pdsch-HARQ-ACK-OneShotFeedback,  if the UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, 
-	 is a number of SR information bits that the UE determines as described in clause 9.2.5.1
-	 is a number of CSI information bits that the UE determines as described in clause 9.2.5.2
-	 is a number of resource elements determined as , where  is a number of subcarriers per resource block excluding subcarriers used for DM-RS transmission, and  is a number of symbols excluding symbols used for DM-RS transmission, as defined in clause 9.2.5.2, for PUCCH transmission occasion  on active UL BWP  of carrier  of primary cell  
-	For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a number of UCI bits larger than 11, , where 
-	
-	
-	 is a number of HARQ-ACK information bits that the UE determines as described in clause 9.1.2.1 or 16.5.1.1 for Type-1 HARQ-ACK codebook and as described in clause 9.1.3.1 or 9.1.3.3 or 16.5.2.1 for Type-2 HARQ-ACK codebook, or as described in clause 9.1.4 for Type-3 HARQ-ACK codebook, or as described in clause 9.1.5 for HARQ-ACK codebook retransmission, or as described in clause 9.2.5.4 for deferring HARQ-ACK for SPS PDSCH. If the UE is not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-Codebook-r16, or pdsch-HARQ-ACK-OneShotFeedback,  if the UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, 
-	 is a number of SR information bits that the UE determines as described in clause 9.2.5.1
-	 is a number of CSI information bits that the UE determines as described in clause 9.2.5.2 
-	 is a number of CRC bits that the UE determines as described in clause 9.2
-	 is a number of resource elements that the UE determines as , where  is a number of subcarriers per resource block excluding subcarriers used for DM-RS transmission, and  is a number of symbols excluding symbols used for DM-RS transmission, as defined in clause 9.2.5.2, for PUCCH transmission occasion  on active UL BWP  of carrier  of primary cell .
<Unchanged parts are omitted>
9.1.5	HARQ-ACK codebook retransmission 
<Unchanged parts are omitted>
If the UE would also multiplex in the PUCCH transmission in slot  a second HARQ-ACK codebook with second HARQ-ACK information of same priority value as for the first HARQ-ACK information in the first HARQ-ACK codebook, the UE appends the first HARQ-ACK codebook to the second HARQ-ACK codebook. The UE determines to multiplex the second HARQ-ACK information in the PUCCH transmission in slot  as described in clause 9.2.3.  is the total number of the first HARQ-ACK information bits and the second HARQ-ACK information bits.
If in slot  the UE performs a procedure for deferring first HARQ-ACK information for SPS PDSCH receptions, as described in clause 9.2.5.4, and the first HARQ-ACK information has same priority value as a priority value indicated by the DCI format triggering the PUCCH transmission in slot , the UE multiplexes in the PUCCH transmission in slot  second HARQ-ACK information with the priority value that results in slot  according to the procedure in this clause, by appending the first HARQ-ACK information to the second HARQ-ACK information. If the UE would also multiplex in the PUCCH transmission in slot  third HARQ-ACK information with the priority value, the UE appends the second HARQ-ACK information followed by the first HARQ-ACK information to the third HARQ-ACK information. The UE determines to multiplex the third HARQ-ACK information in the PUCCH transmission in slot  as described in clause 9.2.3.  is the total number of the first HARQ-ACK information bits, the second HARQ-ACK information bits and the third HARQ-ACK information bits.
If in slot  the UE would transmit a first PUCCH with first HARQ-ACK information over more than one slot and a second PUCCH with second HARQ-ACK information over one or more slots, where the first and second HARQ-ACK information have same priority value, the UE multiplexes in the PUCCH transmission in slot  one of
-	the first HARQ-ACK information if the first PUCCH starts at an earlier slot than the second PUCCH, or
-	the second HARQ-ACK information if the second PUCCH starts at an earlier slot than the first PUCCH.
If , the UE determines a number of HARQ-ACK information bits for obtaining a transmission power for a PUCCH, as described in clause 7.2.1, as  where 
-	 is the number of first HARQ-ACK information bits for HARQ-ACK codebook retransmission
-	if the UE would also multiplex in the PUCCH transmission second HARQ-ACK codebook,  is the number of HARQ-ACK information bits that the UE determines as described in clause 9.1.2.1 or 9.1.3.1 for the second HARQ-ACK codebook, otherwise 
-	if the UE performs a procedure for deferring third HARQ-ACK information for SPS PDSCH receptions to slot ,  is the number of HARQ-ACK information bits for SPS PDSCH receptions deferred to slot , otherwise 
<Unchanged parts are omitted>
9.2.5.4	UE procedure for deferring HARQ-ACK for SPS PDSCH 
<Unchanged parts are omitted>
The UE does not expect to be provided both sps-HARQ-Deferral and nrofSlots or pucch-RepetitionNrofSlots for any PUCCH resource of same priority.
 is the total number of the second HARQ-ACK information bits as described in this clause and HARQ-ACK information in the HARQ-ACK codebook the UE generates as described in clauses 9.1.2, 9.1.2.1, 9.1.3.1. 
If , the UE determines a number of HARQ-ACK information bits for obtaining a transmission power for a PUCCH, as described in clause 7.2.1, as  where 
-	 is the number of deferred first HARQ-ACK information bits for SPS PDSCH receptions as described in this clause
-	if the UE would also multiplex in the PUCCH transmission  second HARQ-ACK codebook with second HARQ-ACK information of same priority value as for the first HARQ-ACK information,  is the number of HARQ-ACK information bits that the UE determines as described in clause 9.1.2.1 or 9.1.3.1 for the second HARQ-ACK codebook, otherwise 



TP for Option 3:
7.2.1	UE behaviour
If a UE transmits a PUCCH on active UL BWP  of carrier  in the primary cell  using PUCCH power control adjustment state with index , the UE determines the PUCCH transmission power  in PUCCH transmission occasion  as
[image: ] [dBm]
where 
<Unchanged parts are omitted>
-	 is a PUCCH transmission power adjustment component on active UL BWP  of carrier  of primary cell 
-	For a PUCCH transmission using PUCCH format 0 or PUCCH format 1,  where 
-	 is a number of PUCCH format 0 symbols or PUCCH format 1 symbols for the PUCCH transmission as described in clause 9.2.
-	 for PUCCH format 0 
-	 for PUCCH format 1
-	For PUCCH format 0,  
-	For PUCCH format 1
-	if the PUCCH transmission provides multicast HARQ-ACK information according to the second HARQ-ACK reporting mode as described in clause 18, 
-	otherwise, , where  is a number of UCI bits in PUCCH transmission occasion  
-	For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a number of UCI bits smaller than or equal to 11, , where 
-	
-	 is a number of HARQ-ACK information bits that the UE determines as described in clause 9.1.2.1 or 16.5.1.1 for Type-1 HARQ-ACK codebook and as described in clause 9.1.3.1 or 9.1.3.3 or 16.5.2.1 for Type-2 HARQ-ACK codebook, or as described in clause 9.1.5 for HARQ-ACK codebook retransmission, or as described in clause 9.2.5.4 for deferring HARQ-ACK for SPS PDSCH.  is the same as  as described in clause 9.1.4 for Type-3 HARQ-ACK codebook. If the UE is not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-Codebook-r16, or pdsch-HARQ-ACK-OneShotFeedback,  if the UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, 
-	 is a number of SR information bits that the UE determines as described in clause 9.2.5.1
-	 is a number of CSI information bits that the UE determines as described in clause 9.2.5.2
-	 is a number of resource elements determined as , where  is a number of subcarriers per resource block excluding subcarriers used for DM-RS transmission, and  is a number of symbols excluding symbols used for DM-RS transmission, as defined in clause 9.2.5.2, for PUCCH transmission occasion  on active UL BWP  of carrier  of primary cell  
-	For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a number of UCI bits larger than 11, , where 
-	
-	
-	 is a number of HARQ-ACK information bits that the UE determines as described in clause 9.1.2.1 or 16.5.1.1 for Type-1 HARQ-ACK codebook and as described in clause 9.1.3.1 or 9.1.3.3 or 16.5.2.1 for Type-2 HARQ-ACK codebook, or as described in clause 9.1.4 for Type-3 HARQ-ACK codebook, or as described in clause 9.1.5 for HARQ-ACK codebook retransmission, or as described in clause 9.2.5.4 for deferring HARQ-ACK for SPS PDSCH. If the UE is not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-Codebook-r16, or pdsch-HARQ-ACK-OneShotFeedback,  if the UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, 
-	 is a number of SR information bits that the UE determines as described in clause 9.2.5.1
-	 is a number of CSI information bits that the UE determines as described in clause 9.2.5.2 
-	 is a number of CRC bits that the UE determines as described in clause 9.2
-	 is a number of resource elements that the UE determines as , where  is a number of subcarriers per resource block excluding subcarriers used for DM-RS transmission, and  is a number of symbols excluding symbols used for DM-RS transmission, as defined in clause 9.2.5.2, for PUCCH transmission occasion  on active UL BWP  of carrier  of primary cell .
<Unchanged parts are omitted>
9.1.5	HARQ-ACK codebook retransmission 
<Unchanged parts are omitted>
If the UE would also multiplex in the PUCCH transmission in slot  a second HARQ-ACK codebook with second HARQ-ACK information of same priority value as for the first HARQ-ACK information in the first HARQ-ACK codebook, the UE appends the first HARQ-ACK codebook to the second HARQ-ACK codebook. The UE determines to multiplex the second HARQ-ACK information in the PUCCH transmission in slot  as described in clause 9.2.3.  is the total number of the first HARQ-ACK information bits and the second HARQ-ACK information bits.
If in slot  the UE performs a procedure for deferring first HARQ-ACK information for SPS PDSCH receptions, as described in clause 9.2.5.4, and the first HARQ-ACK information has same priority value as a priority value indicated by the DCI format triggering the PUCCH transmission in slot , the UE multiplexes in the PUCCH transmission in slot  second HARQ-ACK information with the priority value that results in slot  according to the procedure in this clause, by appending the first HARQ-ACK information to the second HARQ-ACK information. If the UE would also multiplex in the PUCCH transmission in slot  third HARQ-ACK information with the priority value, the UE appends the second HARQ-ACK information followed by the first HARQ-ACK information to the third HARQ-ACK information. The UE determines to multiplex the third HARQ-ACK information in the PUCCH transmission in slot  as described in clause 9.2.3.  is the total number of the first HARQ-ACK information bits, the second HARQ-ACK information bits and the third HARQ-ACK information bits.
If in slot  the UE would transmit a first PUCCH with first HARQ-ACK information over more than one slot and a second PUCCH with second HARQ-ACK information over one or more slots, where the first and second HARQ-ACK information have same priority value, the UE multiplexes in the PUCCH transmission in slot  one of
-	the first HARQ-ACK information if the first PUCCH starts at an earlier slot than the second PUCCH, or
-	the second HARQ-ACK information if the second PUCCH starts at an earlier slot than the first PUCCH.
If , the UE determines a number of HARQ-ACK information bits for obtaining a transmission power for a PUCCH, as described in clause 7.2.1, as  where 
-	 is the number of HARQ-ACK information bits  that the UE determines as described in clause 9.1.2.1 or 9.1.3.1 for the HARQ-ACK codebook retransmission
-	if the UE would also multiplex in the PUCCH transmission second HARQ-ACK codebook,  is the number of HARQ-ACK information bits that the UE determines as described in clause 9.1.2.1 or 9.1.3.1 for the second HARQ-ACK codebook, otherwise 
-	if the UE performs a procedure for deferring third HARQ-ACK information for SPS PDSCH receptions to slot ,  is the number of HARQ-ACK information bits for SPS PDSCH receptions deferred to slot , otherwise 
<Unchanged parts are omitted>
9.2.5.4	UE procedure for deferring HARQ-ACK for SPS PDSCH 
<Unchanged parts are omitted>
The UE does not expect to be provided both sps-HARQ-Deferral and nrofSlots or pucch-RepetitionNrofSlots for any PUCCH resource of same priority.
 is the total number of the second HARQ-ACK information bits as described in this clause and HARQ-ACK information in the HARQ-ACK codebook the UE generates as described in clauses 9.1.2, 9.1.2.1, 9.1.3.1. 
If , the UE determines a number of HARQ-ACK information bits for obtaining a transmission power for a PUCCH, as described in clause 7.2.1, as  where 
-	 is the number of deferred first HARQ-ACK information bits for SPS PDSCH receptions as described in this clause
-	if the UE would also multiplex in the PUCCH transmission  second HARQ-ACK codebook with second HARQ-ACK information of same priority value as for the first HARQ-ACK information,  is the number of HARQ-ACK information bits that the UE determines as described in clause 9.1.2.1 or 9.1.3.1 for the second HARQ-ACK codebook, otherwise 
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