[bookmark: _GoBack]3GPP TSG RAN WG1 #100bis-e	R1-2002233
e-Meeting, April 20th – 30th, 2020

Agenda Item:	7.2.4.2.1
Source:	Ericsson
Title:	Resource Allocation Mode 1 for NR SL
Document for:	Discussion, Decision

1	Introduction
In this paper, open issues related to the resource allocation mode 1 AI in NR SL Rel-16 are discussed.
[bookmark: _Ref178064866]2		Configured grant
2.1	Timing aspects
The following text from 38.321 describes the configuration of type-1 grants in UL: 
	Upon configuration of a configured grant Type 1 for a Serving Cell by upper layers, the MAC entity shall:
1>	store the uplink grant provided by upper layers as a configured uplink grant for the indicated Serving Cell;
1>	initialise or re-initialise the configured uplink grant to start in the symbol according to timeDomainOffset and S (derived from SLIV as specified in TS 38.214 [7]), and to reoccur with periodicity.
After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider that the uplink grant recurs associated with each symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
 (timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.


Unlike UL configured grants, SL configured grants do not require symbol-level granularity. Given that SL can only operate on a slot bases (using 14 symbols or less), slot-level granularity is enough.
The UL formula is valid for synchronous Uu-SL carriers. For asynchronous Uu-SL carriers, however, it is necessary to define a common reference for all UEs. For DCI-based allocation, a correction term  has been introduced. We believe that a similar approach can be used here. That is, a new time reference must be defined based on DL timing (i.e., SFN=0) and the TA correction. This is illustrated in Figure 1.
[image: ]
[bookmark: _Ref35553472]Figure 1. Configuration of a type-1 grant with asynchronous Uu-SL carriers.
In our view, this could be implemented in the specification in the following way.
	After a sidelink grant is configured for a sidelink configured grant Type 1, the MAC entity shall consider that the uplink grant recurs associated with each slot for which:
[(DFNv × numberOfSlotsPerFrame) + slot number in the frame] =
 (timeDomainOffset + N × periodicity) modulo (1024 × numberOfSlotsPerFrame), for all N >= 0.
where:
· DFNv is defined by having value 0 starting with the first SL slot that starts no earlier than , where:
·  is the time corresponding to the start of SFN=0 in the DL carrier, as perceived by the UE.
·  is the timing advance value at the time of configuring the grant.
· timeDomainOffset is expressed in number of SL slots with respect to DFNv = 0.
· periodicity is expressed in number of SL slots. 


Note that DFNv is only used by the UE. It is not a replacement for DFN.
[bookmark: _Toc37441737]For configured grant type 1, the granted slots are determined using the UL formula with the following changes:
· [bookmark: _Toc37441738]The grant is in terms of slots instead of symbols.
· [bookmark: _Toc37441739]SFN is replaced by DFNv, which is defined by having value 0 starting with the first SL slot that starts no earlier than TSFN,0 – TTA/2, where TSFN,0 is the time corresponding to the start of SFN=0 in the DL carrier at the UE and TTA is the timing advance value at the time of configuring the grant.
· [bookmark: _Toc37441740]timeDomainOffset is expressed in number of SL slots with respect to DFNv = 0.
· [bookmark: _Toc37441741]periodicity is expressed in number of SL slots. 
2.2	HARQ process ID determination
The following agreement was made in RAN1#100-e:
	Agreements:
· The HARQ process ID for each transmission in a resource corresponding to a SL configured grant is determined based on the formula used for UL configured grants. 
· The mapping with the values of HPN in SCI is fixed for a TB, and is up to UE implementation.
Note: This corresponds to the HARQ process ID for the interaction between gNB and UE, if any distinction is made.


For UL CGs, the HPN is determined as described by the following text from TS 38.321:
	For configured uplink grants, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].
NOTE 1:	CURRENT_symbol refers to the symbol index of the first transmission occasion of a repetition bundle that takes place.
NOTE 2:	A HARQ process is configured for a configured uplink grant if the configured uplink grant is activated and the associated HARQ process ID is less than nrofHARQ-Processes.
NOTE 3:	If the MAC entity receives both a grant in a Random Access Response and an overlapping grant for its C-RNTI or CS-RNTI, requiring concurrent transmissions on the SpCell, the MAC entity may choose to continue with either the grant for its RA-RNTI or the grant for its C-RNTI or CS-RNTI.


For synchronous SL/Uu carriers, CURRENT_symbol can be unambiguously determined by both UE and gNB. However, for asynchronous carriers, this is not the case. That is, the value obtained by the gNB (which would be based on SFN) and the value obtained by the UE (which would be based on DFN) will likely be different. The simplest way to fix this is to have CURRENT_symbol refer to the symbol in which PUCCH is transmitted. 
[bookmark: _Toc37441742]In the determination of HPN for configured grant, CURRENT_symbol refers to the symbol index of the PUCCH used for reporting SL HARQ-ACK to the gNB.
2.3	Other issues
The supported periodicities for SL configured grants have not yet been agreed. Currently, the following can be found in TS 38.331:
	SL-ConfiguredGrantConfig-r16 ::=           SEQUENCE {
    sl-ConfigIndexCG-r16                       SL-ConfigIndexCG-r16,
    sl-PeriodCG-r16                            ENUMERATED {ffs}      OPTIONAL, -- Need N
    ...
}


In our view, configurability should include the same periodicities as for Mode-2.
[bookmark: _Toc37441743]For SL configured grant (type-1 and type-2), the set of configurable periodicities is the same as for periodic transmission in Mode-2 (i.e., Mode-2 reservations for different TB).
3	DCI aspects
Section 7.3.1.4.1 in 38.212 specifies DCI format 3_0 as follows:
	DCI format 3_0 is used for scheduling of NR PSCCH and NR PSSCH in one cell. 
The following information is transmitted by means of the DCI format 3_0 with CRC scrambled by SL-RNTI or SL-CS-RNTI:
-	Time gap – [x] bits determined by higher layer parameter timeGapFirstSidelinkTransmission, as defined in clause x.x.x of [6, TS 38.214]
-	HARQ process ID – [x] bits as defined in clause x.x.x of [6, TS 38.214]
-	New data indicator – 1 bit as defined in clause x.x.x of [6, TS 38.214]
-	Lowest index of the subchannel allocation to the initial transmission – bits as defined in clause x.x.x of [6, TS 38.214]
-	SCI format 0-1 fields according to clause 8.3.1.1:
-	Frequency resource assignment.
-	Time resource assignment.
-	PSFCH-to-HARQ feedback timing indicator – 3 bits as defined in clause x.x.x of [6, TS 38.214].
-	PUCCH resource indicator – 3 bits as defined in clause x.x.x of [6, TS 38.214].
-	Configuration index – 0 bit if the UE is not configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI; otherwise [x] bits as defined in clause x.x.x of [6, TS 38.214]. If the UE is configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI, this field is reserved for DCI format 3_0 with CRC scrambled by SL-RNTI. 


3.1	Contents
As seen above, some of the fields are not completely specified. 
For time gap, we propose that the RRC table can be configured with up to 8 values and that the bitwidth is chosen accordingly.
[bookmark: _Toc37441744]Up to 8 values may be configured by higher layer for timeGapFirstSidelinkTransmission, which indicate the number of SL (logical) slots. The field time gap in DCI format 3_0 has variable bitwidth that depends on the number of configured values.
For HARQ process ID, we propose to use 4 bits.
[bookmark: _Toc37441745]16 SL HARQ processes are defined. The field HARQ process ID in DCI format 3_0 consists of 4 bits.
RAN2#108 made the following working assumption
	Up to 8 configured grants (including both configured grant type1 and type2) in mode1 can be configured and active for NR sidelink communication (working assumption). Running 38.321 will specify something like “[8]”


Based on this, a 3-bit field is necessary in DCI.
[bookmark: _Toc37441746]The field ‘Configuration index’ consists of 3 bits, when applicable.
In RAN1#100-e, a TP for TS 38.213 was agreed in R1-2001410. However, the text deals with SCI 0_2 and, consequently, it should be captured in TS 38.214 instead.
[bookmark: _Toc37441747]Remove from TS 38.213 the text added by the TP in R1-2001410. Instead, include it in TS 38.214.
3.2	Size alignment
	Field
	Format 0-0
	Format 0-1

	Identifier
	
	1 bit
	1 bit

	Resource information
	CFI
	–
	0 or 3 bits

	
	UL/SUL
	0 or 1 bit
	0 or 1 bit

	
	BWP indicator
	–
	0-2 bits

	
	Freq.-domain allocation
	Variable (only type 1)
	variable

	
	Time-domain allocation
	0-4 bits
	0-4 bits

	
	Frequency hopping
	0 or 1 bit
	0 or 1 bit

	TB-related
	MCS
	5 bits
	5 bits

	
	NDI
	1 bit
	1 bit

	
	RV
	2 bis
	2 bis

	HARQ-related
	Process number
	4 bits
	4 bits

	
	DAI
	–
	1-4 bits

	
	CBGTI
	–
	0, 2, 4, or 6 bits

	Multi-antenna related
	DMRS seq initialization
	–
	1 bit

	
	Antenna ports
	–
	2-5 bits

	
	SRI
	–
	Variable

	
	Precoding information
	–
	0-6 bits

	
	PTRS-DMRS assoc.
	–
	0 or 2 bits

	
	SRS request
	–
	2 bits

	
	CSI request
	–
	0-6 bits

	Power control
	PUSCH power control
	2 bits
	2 bits

	
	Beta offset
	–
	0 or 2 bits


Even when only 2 sub-channels are configured, the size exceeds 30 bits, meaning that alignment with DCI 0_0 is in general not possible. 
[bookmark: _Toc37441748]When both DCI 0_1 and DCI 3_0 are configured, DCI 3_0 is zero-padded to match the size of DCI 0_1.
Similarly, if in a search space a UE is configured with format 3_0 with CRC scrambled with SL-RNTI and with format 3_0 with CRC scrambled with SL-CS-RNTI, then the former is zero-padded until it has the same size as the latter.
[bookmark: _Toc37441749]When both DCI 3_0 with CRC scrambled with SL-RNTI and DCI 3_0 with CRC scrambled with SL-CS-RNTI are configured, DCI 3_0 with CRC scrambled with SL-RNTI is zero-padded to match the size of DCI 3_0 with CRC scrambled with SL-CS-RNTI.
We propose to use the following text from 36.212 (with the corresponding changes to format numbers and RNTI names):
	If the number of information bits in format 3_0 mapped onto a given search space is less than the payload size of format 0_1 mapped onto the same search space, zeros shall be appended to format 3_0 until the payload size equals that of format 0_1 including any padding bits appended to format 0_1.
If the format 3_0 CRC is scrambled by SL-RNTI and if the number of information bits in format 3_0 mapped onto a given search space is less than the payload size of format 3_0 with CRC scrambled by SL-CS-RNTI mapped onto the same search space and format 0_1 is not defined on the same search space, zeros shall be appended to format 3_0 until the payload size equals that of format 3_0 with CRC scrambled by SL-CS-RNTI.



4	LTE Uu controlling NR sidelink
For LTE Uu controlling NR sidelink, only configured grant type-1 is supported. The issue with timing discussed in Section 3 also applies here and the same solution can be used.
[bookmark: _Toc37441750]For LTE Uu scheduling NR, the slot of the first sidelink transmission is determined in the same way as for SL configured grant type-1 when NR Uu schedules NR SL. In this case, SFN=0 refers to the LTE DL carrier.
5	HARQ procedure over Uu
5.1	UE behaviour for generating the HARQ reports
In RAN1#100-e, the following agreements and working assumptions were made:
	Agreements:
· Only one new TB can be transmitted in one period of the configured grant.
· FFS any issue with retransmission spanning multiple periods
· The DCI scheduling the retransmissions uses the HARQ process ID corresponding to the first transmission of the TB, as agreed for Q2.
Working assumption: 
· In case of reaching the maximum number of HARQ re-transmissions for a TB, the UE sends one bit on the UL resources for SL HARQ-ACK reporting. The specification will specify the UE behavior (what the behavior is: FFS), and specify the contents of the report (what the content is: FFS).

Working assumption: 
· If the SL transmission does not use SL HARQ feedback (if supported by RAN2), the UE sends one bit on the UL resources for SL HARQ-ACK reporting. The specification will specify the UE behavior (what the behavior is: FFS), and specify the contents of the report (what the content is FFS).


In RAN1#100e, there was a long discussion on whether the UE can be aware of the maximum number of transmission of a TB or not. On this issue, we have the following agreement from RAN1#99:
	Agreements:
· For dynamic grant, the number of retransmissions of a TB is up to the gNB.
· For configured grant, the maximum number of times that a TB can be retransmitted using the resources provided by the configured grant is configured per priority per configured grant.


Given that RAN1 agreed that only one new TB can be transmitted in one period, we think that reaching the maximum number of retransmissions can only happen in the following cases:
· The maximum number of retransmissions configured by the gNB is smaller or equal than the number of resources per period. This is a bad configuration.
· Transmission of a TB across multiple periods is supported, if supported as it is currently FFS.
In our view, the behaviour is straightforward: the UE should report NACK.
[bookmark: _Toc37441751]In case of reaching the maximum number of HARQ re-transmissions for a TB, the TX UE reports ACK to the gNB.
For the case that the SL transmission does not use SL HARQ feedback, if supported by RAN2, we believe that it is necessary to give the UE the freedom to report HARQ-ACK if it requires further SL resources and HARQ-NACK otherwise. With the current specification, there is no way for the gNB to know whether SL HARQ feedback is supported or not. With only 3 transmissions of a TB (i.e., with a single DCI), it would be difficult to meet the stringent reliability requirement of some services.
[bookmark: _Toc37441752]If the SL transmission does not use SL HARQ feedback (if supported by RAN2), the TX UE reports ACK to request further resources for transmission of the corresponding TB and NACK otherwise.
5.2	SL HARQ multiplexing
For DL HARQ acknowledgements, NR provides a framework for transmitting multiple DL HARQ acknowledgements in UL. Multiplexing can be done using a semi-static (Type-1) codebook or a dynamic (Type-2) codebook.
The semi-static (Type-1) codebook is configured based on a few RRC parameters (number of carriers, CBG configuration, configured PDSCH-to-HARQ_feedback timing values, etc.). In TS 38.213, two procedures are described in terms of pseudo code to generate the codebook:
· The first pseudo-code determines a set of occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in PUCCH (for an active cell, and a DL-BWP, and an UL-BWP).
· The second pseudo-code determines the HARQ-ACK information bits (for the serving cells configured for the UE). 
The legacy codebook for DL HARQ acknowledgements can be described as a table where rows correspond to cells/CBGs/TBs and columns correspond to configured K1 values. Each of the entries in the table corresponds to a potential scheduling of a TB (or CBG). ACK is used if the TB (or CBG) was correctly decoded and NACK is used otherwise. 
As agreed, the SL HARQ-ACK bits are generated using the Rel-15 procedures. To this end, the following changes are necessary to the procedure:
· Determine candidate PDCCH occasions carrying DCI dynamic grant.
· Codebook size is determined by PSFCH-to-PUCCH configured values.
Some simplifications to the procedure are possible. For example, HARQ-ACK spatial bundling is not necessary, single HARQ-ACK bit is reported, etc. In addition, it may also be reasonable to restrict SL scheduling to come from a single DL carrier.
[bookmark: _Toc24151932][bookmark: _Toc37441753]For Type-1 codebook:
· [bookmark: _Toc24151933][bookmark: _Toc37441754]UE determines occasions for candidate PDCCH receptions carrying SL grant with PUCCH in the same slot based on PSFCH-to-PUCCH configured values.
· [bookmark: _Toc24151934][bookmark: _Toc37441755]For each candidate, one HARQ-ACK bit is reported.
[bookmark: _Ref20778791]Table 1. Semi-static (Type-1) codebook for conveying multiple SL HARQ acknowledgements in UL.
	Sidelink
	PDCCH-to-PUCCH values (SL)

	
	Value A
	Value B
	Value C

	
	SL codebook


The dynamic (Type-2) codebook is determined based on the monitoring occasions for DCI formats correctly received in a corresponding PDCCH monitoring occasion and that indicate transmission of HARQ acknowledgements in a given PUCCH slot (i.e., through PDSCH-to-HARQ_feedback timing and K0 values). In addition, at the end of the codebook, the HARQ acknowledgements for SPS PDSCH receptions are added. 
As agreed, the SL HARQ-ACK bits are generated using the Rel-15 procedures. To this end, the following changes are necessary to the procedure:
· [bookmark: _Hlk24146261]Monitor occasions for PDCCH with the corresponding SL dynamic grant.
· Timing is given by PSFCH-to-PUCCH gap signalled in DCI.
As for type-1, some simplifications to the procedure are possible. Again, it may also be reasonable to restrict SL scheduling to come from a single DL carrier.
[bookmark: _Toc24151935][bookmark: _Toc37441756]For Type-2 codebook:
· [bookmark: _Toc24151936][bookmark: _Toc37441757]UE monitors occasions for PDCCH carrying SL grant with PUCCH in the same slot based on PSFCH-to-PUCCH gap signalled in DCI.
· [bookmark: _Toc24151937][bookmark: _Toc37441758]For each PDCCH occasion at most one HARQ-ACK bit is reported.
[bookmark: _Ref20828210]Table 2. Dynamic (Type-2) codebook for conveying multiple SL and DL HARQ acknowledgements in UL.
	HARQ-ACK bits for SL

	HARQ-ACK bits corresponding to received DCI scheduling SL transmission or releasing SL Type-2 configured grant
	HARQ-ACK bits corresponding to received DCI scheduling SL transmission or releasing SL Type-2 configured grant



We have included a TP for TS 38.213 in the appendix.
[bookmark: _Toc37441759]Agree the TP for TS 38.213 in the appendix.

6	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For configured grant type 1, the granted slots are determined using the UL formula with the following changes:
	The grant is in terms of slots instead of symbols.
	SFN is replaced by DFNv, which is defined by having value 0 starting with the first SL slot that starts no earlier than TSFN,0 – TTA/2, where TSFN,0 is the time corresponding to the start of SFN=0 in the DL carrier at the UE and TTA is the timing advance value at the time of configuring the grant.
	timeDomainOffset is expressed in number of SL slots with respect to DFNv = 0.
	periodicity is expressed in number of SL slots.
Proposal 2	In the determination of HPN for configured grant, CURRENT_symbol refers to the symbol index of the PUCCH used for reporting SL HARQ-ACK to the gNB.
Proposal 3	For SL configured grant (type-1 and type-2), the set of configurable periodicities is the same as for periodic transmission in Mode-2 (i.e., Mode-2 reservations for different TB).
Proposal 4	Up to 8 values may be configured by higher layer for timeGapFirstSidelinkTransmission, which indicate the number of SL (logical) slots. The field time gap in DCI format 3_0 has variable bitwidth that depends on the number of configured values.
Proposal 5	16 SL HARQ processes are defined. The field HARQ process ID in DCI format 3_0 consists of 4 bits.
Proposal 6	The field ‘Configuration index’ consists of 3 bits, when applicable.
Proposal 7	Remove from TS 38.213 the text added by the TP in R1-2001410. Instead, include it in TS 38.214.
Proposal 8	When both DCI 0_1 and DCI 3_0 are configured, DCI 3_0 is zero-padded to match the size of DCI 0_1.
Proposal 9	When both DCI 3_0 with CRC scrambled with SL-RNTI and DCI 3_0 with CRC scrambled with SL-CS-RNTI are configured, DCI 3_0 with CRC scrambled with SL-RNTI is zero-padded to match the size of DCI 3_0 with CRC scrambled with SL-CS-RNTI.
Proposal 10	For LTE Uu scheduling NR, the slot of the first sidelink transmission is determined in the same way as for SL configured grant type-1 when NR Uu schedules NR SL. In this case, SFN=0 refers to the LTE DL carrier.
Proposal 11	In case of reaching the maximum number of HARQ re-transmissions for a TB, the TX UE reports ACK to the gNB.
Proposal 12	If the SL transmission does not use SL HARQ feedback (if supported by RAN2), the TX UE reports ACK to request further resources for transmission of the corresponding TB and NACK otherwise.
Proposal 13	For Type-1 codebook:
	UE determines occasions for candidate PDCCH receptions carrying SL grant with PUCCH in the same slot based on PSFCH-to-PUCCH configured values.
	For each candidate, one HARQ-ACK bit is reported.
Proposal 14	For Type-2 codebook:
	UE monitors occasions for PDCCH carrying SL grant with PUCCH in the same slot based on PSFCH-to-PUCCH gap signalled in DCI.
	For each PDCCH occasion at most one HARQ-ACK bit is reported.
Proposal 15	Agree the TP for TS 38.213 in the appendix.
 
[bookmark: _In-sequence_SDU_delivery]

[bookmark: _Toc29894887][bookmark: _Toc29899186][bookmark: _Toc29899604][bookmark: _Toc29917340][bookmark: _Toc36498215][bookmark: _Toc12021467][bookmark: _Toc20311579][bookmark: _Toc26719404][bookmark: _Ref494282908]Appendix
7.1	TP for TS 38.213 (HARQ-ACK codebook generation)
[bookmark: _Hlk37434525]<Unchanged parts are omitted>
16.5	UE procedure for reporting HARQ-ACK on uplink
<Unchanged parts are omitted>
For a PSSCH reception by a UE that is scheduled by a DCI format, or for a SL configured grant Type 2 PSCCH reception activated by a DCI format, the DCI format can indicate to the UE that a PUCCH resource is not provided. For a SL configured grant Type 1 PSSCH reception, a PUCCH resource can be provided PUCCH-SL-Config. If a PUCCH resource is not provided, the UE does not transmit a PUCCH with generated HARQ-ACK information from PSFCH reception occasions.
A UE does not expect to be indicated to transmit HARQ-ACK information for SL configured grants and one or more SPS PDSCH receptions in a same PUCCH. 
In the following, the CRC for DCI format 3_0 is scrambled with a SL-RNTI or a SL-CS-RNTI.
16.5.1	Type-1 HARQ-ACK codebook determination
This subclause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static.
A UE reports HARQ-ACK information for a corresponding PSFCH reception only in a HARQ-ACK codebook that the UE transmits in a slot indicated by a value of a PSFCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 3_0. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PSFCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 3_0. 




The UE reports HARQ-ACK information for a PSFCH reception in slot  only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot , where  is a number of slots indicated by the PSFCH-to-HARQ_feedback timing indicator field in a corresponding DCI format. If the UE reports HARQ-ACK information for the PSFCH reception in a slot other than slot , the UE sets a value for each corresponding HARQ-ACK information bit to NACK. 
If a UE reports HARQ-ACK information in a PUCCH only for 
-	a PSFCH reception associated with a PSSCH transmission scheduled by DCI format 3_0 with counter SAI field value of 1 on the PCell, or 
-	a PSFCH reception associated with a PSSCH transmission scheduled by a SL configured grant


within the  occasions for candidate PSFCH receptions as determined in Subclause 16.5.1.1, the UE determines a HARQ-ACK codebook according to corresponding  occasion(s) on respective serving cell(s), where the value of counter SAI in DCI format 1_0 is according to Table 16.5.2-1; otherwise, the procedures in Subclause 16.5.1.1 and Subclause 16.5.1.2 for a HARQ-ACK codebook determination apply.
16.5.1.1	Type-1 HARQ-ACK codebook in physical uplink control channel



For a serving cell , an active SL BWP, and an active UL BWP, as described in Subclause 12, the UE determines a set of  occasions for candidate PSFCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot . 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 3_0 for serving cell ,  is provided by sl-DataToUL-ACK for DCI format 3_0

c)	on the ratio  between the sidelink SCS configuration  and the uplink SCS configuration  provided by subcarrierSpacing in BWP-Sidelink and BWP-Uplink for the SL BWP and the active UL BWP, respectively
c)	SL pool bitmap


For the set of slot timing values , the UE determines a set of  occasions for candidate PSFCH receptions according to the following pseudo-code.

Set  - index of occasion for candidate PSFCH reception

Set 


Set  to the cardinality of set 



Set k =0 – index of slot timing values , in descending order of the slot timing values, in set  for serving cell 

while  
if  

Set  – index of a SL slot within an UL slot
while  

if slot  starts at a same time as or after a slot for an active UL BWP change on the PCell and slot  is before the slot for the active UL BWP change on the PCell 
; 
else 


if slot  belongs to the SL pool as indicated by the pool bitmap, where  is the k-th slot timing value in set

; 

;
end if
;
end if
end while
end if

;
end while





A UE determines  HARQ-ACK information bits, for a total number of  HARQ-ACK information bits, of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In the following pseudo-code, if the UE does not receive a PSFCH due to the UE not detecting a corresponding DCI format 3_0, the UE generates a NACK value for the PSFCH. The cardinality of the set  defines a total number  of occasions for PSFCH reception for serving cell  corresponding to the HARQ-ACK information bits.

Set  – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell

Set - HARQ-ACK information bit index

Set  to the number of serving cells in which the UE is configured by higher layers to monitor for PDCCH with format 3_0

while 

Set  – index of occasion for candidate PSFCH reception

while 


 = HARQ-ACK information bit of serving cell ;

;

;
end while

;
end while

If , the UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH, as described in Subclause 7.2.1, as  where 



-	 is the number of PSFCH receptions in PSFCH reception occasion  for serving cell 
16.5.1.2	Type-1 HARQ-ACK codebook in physical uplink shared channel
FFS
16.5.2	Type-2 HARQ-ACK codebook determination 
This subclause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic.
16.5.2.1	Type-2 HARQ-ACK codebook in physical uplink control channel


A UE determines monitoring occasions for PDCCH with DCI format 3_0 for scheduling PSSCH transmissions with associated PSFCH receptions on an active DL BWP of a serving cell , as described in Subclause 10.1, and for which the UE transmits HARQ-ACK information in a same PUCCH in slot  based on

-	PSFCH-to-HARQ_feedback timing indicator field values for PUCCH transmission with HARQ-ACK information in slot  in response to PSFCH receptions
-	Time gap field in DCI format 3_0 for scheduling PSSCH transmission(s) with associated PSFCH reception(s).
-	Time gap field in DCI format 3_0 for scheduling PSSCH transmission(s) with associated PSFCH reception(s).


The set of PDCCH monitoring occasions for DCI format 3_0 for scheduling PSSCH transmissions with associated PSFCH receptions is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells in which the UE is configured by higher layers to monitor for PDCCH with format 3_0, ordered in ascending order of start time of the search space set associated with a PDCCH monitoring occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number  of PDCCH monitoring occasions.


A value of the counter sidelink assignment indicator (SAI) field in DCI format 3_0 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PSSCH transmission(s) with associated PSFCH reception(s) is present, up to the current serving cell and current PDCCH monitoring occasion, first in ascending order of serving cell index and then in ascending order of PDCCH monitoring occasion index , where . 

The value of the total SAI, when present [5, TS 38.212], in DCI format 3_0 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PSSCH transmission(s) with associated PSFCH reception(s) is present, up to the current PDCCH monitoring occasion  and is updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 




Denote by  the value of the counter SAI in DCI format 3_0 for scheduling on serving cell  in PDCCH monitoring occasion  according to Table 16.5.2-1. Denote by  the value of the total SAI in DCI format 3_0 in PDCCH monitoring occasion  according to Table 16.5.2-1. The UE assumes a same value of total SAI in all DCI formats 3_0 in PDCCH monitoring occasion .



If the UE transmits HARQ-ACK information in a PUCCH in slot  and for any PUCCH format, the UE determines the , for a total number of  HARQ-ACK information bits, according to the following pseudo-code:

Set  – PDCCH with DCI format 3_0 monitoring occasion index: lower index corresponds to earlier PDCCH with DCI format 3_0 monitoring occasion

Set 

Set 

Set 

Set 

Set  to the number of serving cells in which the UE is configured by higher layers to monitor for PDCCH with format 3_0

Set  to the number of PDCCH monitoring occasion(s)

while 

Set  – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell

while 

if PDCCH monitoring occasion  is before an active UL BWP change on the PCell 

;
else

if there is a PSFCH associated with a PSSCH transmission associated with PDCCH in PDCCH monitoring occasion  on serving cell 
if 


end if

if 

else 

end if
 = HARQ-ACK information bit of this cell

end if


end if
end while


end while

if 


end if




 for any 
if a SL configured grant is configured for the UE and it provides a grant for PSSCH transmission(s) such that a PSFCH reception is expected in slot , where  is the PSFCH-to-HARQ-feedback timing value for the SL configured grant



= HARQ-ACK information bit associated with the PSFCH reception
end if

If , the UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH, as described in Subclause 7.2.1, as 

where 



-	if ,  is the value of the counter SAI in the last DCI format 3_0 scheduling PSSCH transmission(s) associated with PSFCH reception(s) for any serving cell  that the UE detects within the  PDCCH monitoring occasions. 

-	if  



-	if the UE does not detect any DCI format 3_0 in a last PDCCH monitoring occasion within the  PDCCH monitoring occasions where the UE detects at least one DCI format 3_0 scheduling PSSCH transmission(s) associated with PSFCH reception(s) for any serving cell ,  is the value of the counter SAI in a last DCI format 3_0 the UE detects in the last PDCCH monitoring occasion



-	if the UE detects at least one DCI format 3_0 in a last PDCCH monitoring occasion within the  PDCCH monitoring occasions where the UE detects at least one DCI format 3_0 scheduling PSSCH transmission(s) associate with PSFCH reception(s) for any serving cell ,  is the value of the total SAI in the at least one DCI format 3_0


-	 if the UE does not detect any DCI format 3_0 scheduling PSSCH transmission(s) with associated PSFCH reception(s) any serving cell  in any of the  PDCCH monitoring occasions.





-	 is the total number of DCI format 3_0 scheduling PSSCH transmissions(s) with associated PSFCH receptions that the UE detects within the  PDCCH monitoring occasions for serving cell .  if the UE does not detect any DCI format 3_0 scheduling PSSCH transmission(s) with associated PSFCH reception(s) for serving cell  in any of the  PDCCH monitoring occasions.

-	.



-	 is the number of PSFCH associated with PSSCH scheduled by a DCI format 3_0 that the UE detects in PDCCH monitoring occasion  for serving cell . 

-	 is the number of SL configured grants for which the UE transmits corresponding HARQ-ACK information in the same PUCCH as for HARQ-ACK information corresponding to PSFCH receptions within the  PDCCH monitoring occasions.

Table 16.5.2-1: Value of counter SAI or total SAI in DCI format 3_0
	· SAI
MSB, LSB
	·  or  
	· 

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PSFCH is present, denoted as  and 

	a) 0,0
	b) 1
	c) 


	d) 0,1
	e) 2
	f) 


	g) 1,0
	h) 3
	i) 


	j) 1,1
	k) 4
	l) 




16.5.2.2	Type-2 HARQ-ACK codebook in physical uplink shared channel
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