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1. Introduction
	In this contribution, the issue on Type-1/2/3 HARQ-ACK codebook generation procedure for supporting multicast transmission with both of maxNrofCodeWordsScheduledByDCI for unicast and multicast is discussed.


2. Discussion 
In clause of HARQ-ACK codebook determination, the parameter of maxNrofCodeWordsScheduledByDCI is used to determine how to generate HARQ-ACK information. When Type-1/2/3 HARQ-ACK feedback is supported for multicast for serving cell  and both maxNrofCodeWordsScheduledByDCI of unicast and multicast are configured, it is not clear which parameter to use to generate HARQ-ACK codebook. 
For Type 2 HARQ-ACK codebook generation, considering the sub-codebook is constructed separately for unicast and multicast feedback, it is reasonable that maxNrofCodeWordsScheduledByDCI configured in PDSCH-config is used for unicast HARQ-ACK information determination, and the parameter configured in PDSCH-configMulticast is used for the multicast HARQ-ACK information determination.
For Type 3 HARQ-ACK codebook generation, considering the feedback is based on one or more HARQ process IDs and each HARQ process ID can used for scheduling unicast or multicast PDSCH. And it is reasonable that maxNrofCodeWordsScheduledByDCI is defined as maximum value of configured for unicast and multicast.
For Type 1 HARQ-ACK codebook generation, there are two alternatives to address the issue
· Alt-1：For all cases of Type 1, using maxNrofCodeWordsScheduledByDCI for unicast 
· Alt-2：For different case of Type 1, using different schemes that listed as following  
· For Type-1 TDM-ed mode1:
· the max of {maxNrofCodeWordsScheduledByDCI for unicast, maxNrofCodeWordsScheduledByDCI for multicast} for the first  set,
· maxNrofCodeWordsScheduledByDCI for unicast for the second  set, 
· maxNrofCodeWordsScheduledByDCI for multicast for the third  set
· For Type-1 TDM-ed mode2:
· the max of {maxNrofCodeWordsScheduledByDCI for unicast, maxNrofCodeWordsScheduledByDCI for multicast}
· For Type-1 FDM-ed: 
· taking maxNrofCodeWordsScheduledByDCI separately from unicast for unicast sub-codebook and from multicast for multicast sub-codebook
Alt-1 means that maxNrofCodeWordsScheduledByDCI for unicast is used for both of unicast and multicast HARQ-ACK information determination. In generally, the parameter maxNrofCodeWordsScheduledByDCI for multicast would not be larger than that for unicast, and using maxNrofCodeWordsScheduledByDCI for unicast is sufficient for both of unicast and multicast HARQ-ACK information. However, when the UE is configured with multicast with maxNrofCodeWordsScheduledByDCI=1 and the UE is configured with multicast with maxNrofCodeWordsScheduledByDCI=2, Alt-1 will case redundancy HARQ-ACK information for multicast.  Compared with Alt-1, Alt-2 is more efficiency for HARQ-ACK information feedback and could reduce the size of Type-1 HARQ-ACK cookbook. 
Proposal 1: For different case of Type 1 CB, using following schemes to determine HARQ-ACK information codebook of both of unicast and multicast  
· For Type-1 TDM-ed mode1:
· the max of {maxNrofCodeWordsScheduledByDCI for unicast, maxNrofCodeWordsScheduledByDCI for multicast} for the first  set,
· maxNrofCodeWordsScheduledByDCI for unicast for the second  set, 
· maxNrofCodeWordsScheduledByDCI for multicast for the third  set
· For Type-1 TDM-ed mode2:
· the max of {maxNrofCodeWordsScheduledByDCI for unicast, maxNrofCodeWordsScheduledByDCI for multicast}
· For Type-1 FDM-ed: 
· taking maxNrofCodeWordsScheduledByDCI separately from unicast for unicast sub-codebook and from multicast for multicast sub-codebook
Proposal 2: For Type 2 HARQ-ACK codebook, maxNrofCodeWordsScheduledByDCI in PDSCH-config and in PDSCH-configMulticast are applied to Type-1 HARQ-ACK codebook for unicast and multicast separately. 
Proposal 3: For Type-3 HARQ-ACK codebook generation, the maximum value of maxNrofCodeWordsScheduledByDCI configured in PDSCH-config and in PDSCH-configMulticast is set as the value of .
Moreover, we provide two alternatives to clarify how to use maxNrofCodeWordsScheduledByDCI to generate HARQ-ACK information for unicast and multicast as following.
3. Draft CR
- Option 1: the statement is added separately in each section of Type-1/Type-2/Type 3 procedure
· On type-3 HARQ-ACK codebook generation 

	9.1.4	Type-3 HARQ-ACK codebook determination 
If a UE is provided pdsch-HARQ-ACK-OneShotFeedback, the UE determines  HARQ-ACK information bits, for a total number of  HARQ-ACK information bits, of a Type-3 HARQ-ACK codebook according to the following procedure. If the UE is provided pdsch-HARQ-ACK-EnhType3ToAddModList and a DCI format scheduling PDSCH reception and triggering the Type-3 HARQ-ACK codebook includes an enhanced Type 3 codebook indicator field that provides a value for pdsch-HARQ-ACK-EnhType3Index, the UE determines a size of a set of indicated serving cells  and a size of a set of indicated numbers of HARQ processes  for each indicated serving cell and each indicated HARQ process number from the entry in pdsch-HARQ-ACK-EnhType3ToAddModList corresponding to the pdsch-HARQ-ACK-EnhType3Index value. If the DCI format does not include the enhanced Type 3 codebook indicator field, the pdsch-HARQ-ACK-EnhType3Index value is zero.
Set  to the number of configured serving cells or, when applicable, to 
Set  to the value of nrofHARQ-ProcessesForPDSCH for serving cell , if provided; else, set  . When applicable, set  to .
If UE is configured by parameter maxNrofCodeWordsScheduledByDCI with reception of two transport blocks in PDSCH-config or PDSCH-configMulticast for serving cell c, the following procedure of parameter maxNrofCodeWordsScheduledByDCI is 2, else the maxNrofCodeWordsScheduledByDCI is 1.
Set  to the value of  maxNrofCodeWordsScheduledByDCI for serving cell  if harq-ACK-SpatialBundlingPUCCH is provided and , or if harq-ACK-SpatialBundlingPUCCH is not provided, or if maxCodeBlockGroupsPerTransportBlock is provided for serving cell ; else, set 
<Unchanged Text Omitted>



· On type-2 HARQ-ACK codebook generation 

	[bookmark: _Ref500250940][bookmark: _Toc12021473][bookmark: _Toc20311585][bookmark: _Toc26719410][bookmark: _Toc29894843][bookmark: _Toc29899142][bookmark: _Toc29899560][bookmark: _Toc29917297][bookmark: _Toc36498171][bookmark: _Toc45699197][bookmark: _Toc130394878]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
If a UE is configured to monitor PDCCH for multicast DCI formats with CRC scrambled by one or more G-RNTIs for multicast or G-CS-RNTIs that the UE generates a Type-2 HARQ-ACK codebook, the UE separately applies the procedures in this clause per G-RNTI for multicast or per G-CS-RNTI except that DL BWP is replaced by DL CFR except the procedures for SPS PDSCHs and determines the Type-2 HARQ-ACK codebook by concatenating the Type-2 HARQ-ACK codebook for unicast DCI formats excluding the unicast DCI format activating SPS PDSCH receptions, followed by the HARQ-ACK codebooks for the multicast DCI formats in ascending order of the corresponding G-RNTI values, followed by the HARQ-ACK codebooks for the multicast DCI formats in ascending order of the corresponding G-CS-RNTI values excluding the multicast DCI format activating SPS PDSCH receptions, followed by the HARQ-ACK codebooks for unicast and multicast SPS PDSCH receptions. 
<Unchanged Text Omitted>
if harq-ACK-SpatialBundlingPUCCH is not provided and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of at least one serving cell,
 = HARQ-ACK information bit corresponding to the first transport block of this cell
 = HARQ-ACK information bit corresponding to the second transport block of this cell

elseif harq-ACK-SpatialBundlingPUCCH is provided to the UE and  is a monitoring occasion for PDCCH with a DCI format that supports PDSCH reception with two transport blocks and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks in at least one configured DL BWP of a serving cell,
<Unchanged Text Omitted>




· OnType-1 HARQ-ACK codebook generation 
For Type-1 HARQ ACK codebook, in section 9.1.2.1 of [1], there are three detailed cases as followings 
Case 1: UE is provided fdmed-ReceptionMulticast
In this case, the HARQ-ACK sub-codebook  for multicast and unicast is generated separately, so it just clarify that  maxNrofCodeWordsScheduledByDCI configured in PDSCH-config is used for the set  (unicast serving cell set), and maxNrofCodeWordsScheduledByDCI configured in PDSCH-configMulticast is used for the set  (multicast serving cell set). The example of CR is as following 
	9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
<Unchanged Text Omitted>
If a UE is provided fdmed-ReceptionMulticast and the UE is configured to monitor PDCCH for detection of unicast DCI formats and to monitor PDCCH for detection of multicast DCI formats 
-	a serving cell is placed in a first set  of  serving cells if the UE is configured to monitor PDCCH for DCI formats 1_0/1_1/1_2 for scheduling on serving cell , and
-	a serving cell is placed in a second set  of  serving cells if the UE is configured to monitor PDCCH for detection of DCI format 4_1/4_2 for scheduling on serving cell , 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  , maxNrofCodeWordsScheduledByDCI as configured in PDSCH-config and setting  , maxNrofCodeWordsScheduledByDCI as configured in PDSCH-configMulticast 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  HARQ-ACK information bits.
<Unchanged Text Omitted>


Case 2: UE is provided type1-Codebook-Generation-Mode = 'mode1'
In this case, for the first  set, the Type-1 HAQR-ACK codebook includes both multicast and unicast HARQ feedback information, so the maxNrofCodeWordsScheduledByDCI is used as maximum value of unicast and multicast. For the second  se, the Type-1 HAQR-ACK codebook includes only unicast HARQ feedback information, so the maxNrofCodeWordsScheduledByDCI is used the parameter configured for unicast. For the third  set, the Type-1 HAQR-ACK codebook include only multicast HARQ feedback information, so the maxNrofCodeWordsScheduledByDCI is used the parameter configured for multicast. The example of CR is as following 
	9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
<Unchanged Text Omitted>
If the UE is configured to monitor PDCCH for DCI formats with CRC scrambled by G-RNTI for multicast or G-CS-RNTI and is provided type1-Codebook-Generation-Mode = 'mode1', the UE separately applies the following pseudo-code for each of the first  set, the second  set, and third  set as the set of slot timing values , and for the corresponding sets of row indexes as  to obtain first, second, and third Type-1 HARQ-ACK sub-codebooks, and for the corresponding maxNrofCodeWordsScheduledByDCI is  maximum value of configured in PDSCH-config and PDSCH-configMulticast,   configured in PDSCH-config, configured in  PDSCH-configMulticast, and concatenates the first, second, and third, Type-1 HARQ-ACK sub-codebooks to obtain the Type-1 HARQ-ACK codebook.
<Unchanged Text Omitted>



Case 3: UE is not provided type1-Codebook-Generation-Mode = 'mode1' and is not provided fdmed-ReceptionMulticast
In this case, for the Type-1 HAQR-ACK codebook include both multicast and unicast HARQ feedback information, so the maxNrofCodeWordsScheduledByDCI is used as maximum value of unicast and multicast configured. The example of CR is as following 
	9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
<Unchanged Text Omitted>
If the UE is configured to monitor PDCCH for DCI formats with CRC scrambled by G-RNTI for multicast or G-CS-RNTI and is provided type1-Codebook-Generation-Mode = 'mode1', the UE separately applies the following pseudo-code for each of the first  set, the second  set, and third  set as the set of slot timing values , and for the corresponding sets of row indexes as  to obtain first, second, and third Type-1 HARQ-ACK sub-codebooks, and concatenates the first, second, and third, Type-1 HARQ-ACK sub-codebooks to obtain the Type-1 HARQ-ACK codebook.
If the UE is configured to monitor PDCCH for DCI formats with CRC scrambled by G-RNTI for multicast or G-CS-RNTI and is not provided type1-Codebook-Generation-Mode = 'mode1' and is not provided fdmed-ReceptionMulticast, the UE applies the following pseudo-code to generates a Type-1 HARQ-ACK codebook , and for the corresponding maxNrofCodeWordsScheduledByDCI is  maximum value of configured in PDSCH-config and PDSCH-configMulticast,
If timeDomainHARQ-BundlingType1 is provided
-	set 
-	set  to the set of row indexes that include the last SLIV of each row of set 
<Unchanged Text Omitted>



Option 2: the generic statement is added in section 9.1 of [1]
The generic statement added in section TS 8.213 9.1 can be as followings
	[bookmark: _Toc130394872][bookmark: _Toc45699191][bookmark: _Toc36498165][bookmark: _Toc29917291][bookmark: _Toc29899554][bookmark: _Toc29899136][bookmark: _Toc29894837][bookmark: _Toc26719404][bookmark: _Toc20311579][bookmark: _Toc12021467]9.1	HARQ-ACK codebook determination
….
For a HARQ-ACK information bit, a UE generates a positive acknowledgement (ACK) if the UE detects a DCI format that provides a SPS PDSCH release or detects a DCI format that does not schedule PDSCH reception and indicates a TCI state update or correctly decodes a transport block, and generates a negative acknowledgement (NACK) if the UE does not correctly decode the transport block. A HARQ-ACK information bit value of 0 represents a NACK while a HARQ-ACK information bit value of 1 represents an ACK.
In the following, the CRC for a DCI format is scrambled with a C-RNTI, an MCS-C-RNTI, or a CS-RNTI, or a G-RNTI, or a G-CS-RNTI.
In the following, if the UE is configured to monitor PDCCH for DCI formats with CRC scrambled by G-RNTI for multicast or G-CS-RNTI and if maxNrofCodeWordsScheduledByDCI is  configured in PDSCH-configMulticast, maxNrofCodeWordsScheduledByDCI refer to maximum maxNrofCodeWordsScheduledByDCI of configured in PDSCH-config and PDSCH-configMulticast
· if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static for both unicast and multicast HARQ-ACK codebook, and is not provided type1-Codebook-Generation-Mode = 'mode1' and is not provided fdmed-ReceptionMulticast, or is provided type1-Codebook-Generation-Mode = 'mode1' , for , if any, generate HARQ-ACK information.
· If Type-3 HARQ-ACK codebook transmission is triggered and for the codebook  determination
Else, the HAQ-ACK codebook determination for unicast or multicast can use  maxNrofCodeWordsScheduledByDCI configured in PDSCH-config or  PDSCH-configMulticast respectively.



4. Conclusion 
In this contribution, for the case that multicast is configured on a serving cell, the issue on Type/1/2/3 HARQ-ACK codebook generation with maxNrofCodeWordsScheduledByDCI of unicast and multicast are provided is discussed.  The proposal and draft CR are given.
Proposal 1: For different case of Type 1 CB, using following schemes to determine HARQ-ACK information codebook of both of unicast and multicast  
· For Type-1 TDM-ed mode1:
· the max of {maxNrofCodeWordsScheduledByDCI for unicast, maxNrofCodeWordsScheduledByDCI for multicast} for the first  set,
· maxNrofCodeWordsScheduledByDCI for unicast for the second  set, 
· maxNrofCodeWordsScheduledByDCI for multicast for the third  set
· For Type-1 TDM-ed mode2:
· the max of {maxNrofCodeWordsScheduledByDCI for unicast, maxNrofCodeWordsScheduledByDCI for multicast}
· For Type-1 FDM-ed: 
· taking maxNrofCodeWordsScheduledByDCI separately from unicast for unicast sub-codebook and from multicast for multicast sub-codebook
Proposal 2: For Type 2 HARQ-ACK codebook, maxNrofCodeWordsScheduledByDCI in PDSCH-config and in PDSCH-configMulticast are applied to Type-1 HARQ-ACK codebook for unicast and multicast separately. 
Proposal 3: For Type-3 HARQ-ACK codebook generation, the maximum value of maxNrofCodeWordsScheduledByDCI configured in PDSCH-config and in PDSCH-configMulticast is set as the value of .
Draft CR [2] is given for Option 1 (the statement is added separately in each section of Type-1/Type-2/Type 3 procedure).
[bookmark: _GoBack]Draft CR [3] is given for Option 2 (the generic statement is added in section 9.1).
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