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


2. Discussion 
In current specification, the maximum numbers of code words that a unicast DCI and a multicast DCI may schedule are separately configured by maxNrofCodeWordsScheduledByDCI in PDSCH-config and maxNrofCodeWordsScheduledByDCI in PDSCH-configMulticast respectively. When both of maxNrofCodeWordsScheduledByDCI in PDSCH-config and maxNrofCodeWordsScheduledByDCI in PDSCH-configMulticast are configured, it is not clear whether maxNrofCodeWordsScheduledByDCI in PDSCH-config or in PDSCH-configMulticast is used for Type-1/2/3 HARQ-ACK codebook generation.We discuss the this issue in Type-1/2/3 HARQ-ACK codebook generations separately in the following sections. 

· On type-3 HARQ-ACK codebook generation 
In clause of type-3 HARQ-ACK codebook determination procedure of section 9.1.4 in [1], the parameter of maxNrofCodeWordsScheduledByDCI is used to determine  value which presents number bits of HARQ-ACK information shall be generated for a PDSCH reception, the current specification text is shown as following yellow words 
	[bookmark: _Toc29894846][bookmark: _Toc29899145][bookmark: _Toc29899563][bookmark: _Toc29917300][bookmark: _Toc36498174][bookmark: _Toc45699200][bookmark: _Toc122000455]9.1.4	Type-3 HARQ-ACK codebook determination 
<Unchanged Text Omitted>
Set  to the value of maxNrofCodeWordsScheduledByDCI which is configured in PDSCH-config or  maximum parameter value configured in PDSCH-config and in PDSCH-configMulticast if configured 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>


Since the Type-3 HARQ-ACK codebook is generated based on serving cell and all/sub-set HARQ process IDs, and any HARQ process ID can be used for multicast or unicast PDSCH scheduling, it is suggested to use maximum value of maxNrofCodeWordsScheduledByDCI configured for unicast and multicast to determine  value.
Proposal 1：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 .
· On type-2 HARQ-ACK codebook generation 
When a multicast is configured on a serving cell and one or more G-RNTIs for multicast or G-CS-RNTIs are used to monitor PDCCH, UE will separately apply the procedures of type-2 HARQ-ACK codebook generation to per G-RNTI for multicast or per G-CS-RNTI, or unicast. It means that each sub-codebook includes either unicast or multicast HARQ-ACK information, and there is no HARQ-ACK sub-codebook will include both unicast and multicast HARQ-ACK information.  So it is reasonable that maxNrofCodeWordsScheduledByDCI configured in PDSCH-config is used for unicast HARQ-ACK codebook generation, and maxNrofCodeWordsScheduledByDCI configured in PDSCH-configMulticast is used for the multicast HARQ-ACK codebook generation.
Proposal 2：If multicast is configured on a service cell, for Type-2 HARQ-ACK codebook generation, it clarity that maxNrofCodeWordsScheduledByDCI is used for unicast or multicast separately for corresponding codebook determination,
· On Type-1 HARQ-ACK codebook generation 
In clause of Type-1 HARQ-ACK codebook determination procedure of section 9.1.2.1 in [1], the parameter of maxNrofCodeWordsScheduledByDCI is used to determine number bits of HARQ-ACK information shall be generated for a candidate PDSCH reception, the current specification text is shown as following yellow words 
	<Unchanged Text Omitted>
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  with applying maxNrofCodeWordsScheduledByDCI configured in pdsch-ConfigMulticast except the procedures for SPS PDSCHs and applies the procedures in this clause with applying maxNrofCodeWordsScheduledByDCI configured in pdsch-Config for unicast DCI formats, 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>


For Type-1 HARQ ACK codebook, in section 9.1.2.1 of [1], there are three details cases as followings 
Case 1: UE is provided fdmed-ReceptionMulticast
In this case, the HARQ-ACK 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 relevant draft 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   with applying the maxNrofCodeWordsScheduledByDCI configured in PDSCH-config and by setting  with applying the maxNrofCodeWordsScheduledByDCI 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>


Proposal 3：If UE is provided fdmed-ReceptionMulticast, for Type-1 HARQ-ACK codebook generation, 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).
Case 2: UE is provided type1-Codebook-Generation-Mode = 'mode1'
In this case, when the UE generates a Type-1 HARQ codebook according to the first  set, the Type-1 HAQR-ACK codebook can include both multicast and unicast HARQ feedback information, thus the maximum value of the maxNrofCodeWordsScheduledByDCI configured for multicast and for unicast should be used for the first  set. When the UE generates a Type-1 HARQ codebook according to the second  set, the Type-1 HAQR-ACK codebook includes only unicast HARQ feedback information, thus the value of the maxNrofCodeWordsScheduledByDCI configured for unicast should be used for second  set. When the UE generates a Type-1 HARQ codebook according to  the third  set, the Type-1 HAQR-ACK codebook include only multicast HARQ feedback information, thus the value of the maxNrofCodeWordsScheduledByDCI configured for multicast should be used for third  set. The relevant draft 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 , and for each of the maximum value of maxNrofCodeWordsScheduledByDCI configured in PDSCH-config and in PDSCH-configMulticast, the maxNrofCodeWordsScheduledByDCI configured in PDSCH-config, the maxNrofCodeWordsScheduledByDCI configured in PDSCH-configMulticast as the value of maxNrofCodeWordsScheduledByDCI 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.
<Unchanged Text Omitted>


Proposal 4：If UE is provided type1-Codebook-Generation-Mode = 'mode1', for Type-1 HARQ-ACK codebook generation, the maximum value of maxNrofCodeWordsScheduledByDCI configured for unicast and multicast is used for the first  set, the value of the maxNrofCodeWordsScheduledByDCI configured for unicast should be used for second  set，and the value of the maxNrofCodeWordsScheduledByDCI configured for multicast should be used for third  set.
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, thus the maximum value of maxNrofCodeWordsScheduledByDCI configured in PDSCH-config and PDSCH-configMulticast is used for Type-1 HARQ-ACK codebook generation. The relevant draft CR is as following 
	9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
[bookmark: _GoBack]<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 not provided type1-Codebook-Generation-Mode = 'mode1' and is not provided fdmed-ReceptionMulticast, the UE generates a Type-1 HARQ-ACK codebook by applying the maximum value of maxNrofCodeWordsScheduledByDCI configured in PDSCH-config and in PDSCH-configMulticast in the following pseudo-code.

<Unchanged Text Omitted>



Proposal 5：If UE is provided type1-Codebook-Generation-Mode = 'mode2', for Type-1 HARQ-ACK codebook generation, the maximum value of maxNrofCodeWordsScheduledByDCI configured in PDSCH-config and PDSCH-configMulticastfor is used for Type-1 HARQ-ACK codebook generation.
3. 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 when both of maxNrofCodeWordsScheduledByDCI for unicast and multicast are provided is discussed.  Some proposals and are provided as following:
Proposal 1：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 .
Proposal 2：If multicast is configured on a service cell, for Type-2 HARQ-ACK codebook generation, it clarity that maxNrofCodeWordsScheduledByDCI is used for unicast or multicast separately for corresponding codebook determination,
Proposal 3：If UE is provided fdmed-ReceptionMulticast, for Type-1 HARQ-ACK codebook generation, 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).
Proposal 4：If UE is provided type1-Codebook-Generation-Mode = 'mode1', for Type-1 HARQ-ACK codebook generation, the maximum value of maxNrofCodeWordsScheduledByDCI configured for unicast and multicast is used for the first  set, the value of the maxNrofCodeWordsScheduledByDCI configured for unicast should be used for second  set，and the value of the maxNrofCodeWordsScheduledByDCI configured for multicast should be used for third  set.
Proposal 5：If UE is provided type1-Codebook-Generation-Mode = 'mode2', for Type-1 HARQ-ACK codebook generation, the maximum value of maxNrofCodeWordsScheduledByDCI configured in PDSCH-config and PDSCH-configMulticastfor is used for Type-1 HARQ-ACK codebook generation..
The draft CR [2] is attached if proposals are adopted by RAN1. 
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