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1. [bookmark: _Toc120549591]Introduction
The first version of Rel-17 MBS physical layer specification was approved by RAN plenary [1]. In this contribution, some remaining issues and specification corrections of reliability improvement for RRC_CONNECTED UEs will be discussed.
2. NACK-only based HARQ-ACK feedback
2.1 Multiple NACK-only feedback
In our understanding, more than one NACK-only bits feedback is an important issue especially for DL-heavy TDD scenario which should be solved by specification, the solution should retain the mechanism of NACK-only feedback and low overhead of PUCCH. 
Proposal 3.2.2-1 in FL’s summary [2] is a good way forward. For up to 4 bits NACK-only feedback, the association between PUCCH resource index and NACK-only codebook value can be pre-defined. Network can schedule NACK-only feedback of the same number of TBs and the same TB combinations of different UEs to be transmitted in the same PUCCH slot. Among UEs scheduled with the same TB combinations, UEs with the same NACK-only codebook value share the same PUCCH resource, so that gNB knows which TB is decoded in failure and only retransmits corresponding TB. As for more than 4 TBs with NACK-only feedback need to be transmitted in the same PUCCH slot, NACK-only feedback is transformed into ACK/NACK based feedback, and the PUCCH resource is determined by PRI and PUCCH-Config/PUCCH-ConfigurationList for unicast.
The above method has benefit in reducing overhead of PUCCH for up to 4 TBs NACK-only feedback, which is also the intention of NACK-only feedback. If with no multiplexing, more than 2 TBs NACK-only feedback is transformed into ACK/NACK based feedback directly or not supported, the meaning of introduction of NACK-only feedback is weakened. 
Another issue is that the above scheme is only applied to a given G-RNTI/G-CS-RNTI or multiple RNTIs. If all UEs have the same understanding of the order of PDSCHs regardless of one RNTI or multiple RNTIs, gNB can also distinguish which TB belongs to which RNTI is not correctly received by UE.
Proposal 1. When more than one NACK-only feedback are available for transmission in the same PUCCH slot,
· define up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback, 
· for more than 4 TBs with NACK-only feedback, NACK-only feedback is transformed into ACK/NACK based, which UE reports HARQ-ACK as in Rel-16 using PUCCH resources for unicast determined by PRI in the last DCI. Otherwise, the UE does not report HARQ-ACK.
· UE is not expected to transmit more than one NACK-only feedback corresponding to different G-RNTIs in the same PUCCH slot. 
The TP suggestion for TS 38.213 section 18 is as the following:
<Unchanged text is omitted>
A UE monitors PDCCH for scheduling PDSCH receptions or for activation/release of SPS PDSCH receptions for a corresponding SPS PDSCH configuration as described in clause 10.1.A UE can be configured by harq-Feedback-Option-Multicast for a G-RNTI or for a G-CS-RNTI to provide HARQ-ACK information for a transport block reception associated with the G-RNTI or with the G-CS-RNTI, respectively, according to the first HARQ-ACK reporting mode or according to the second HARQ-ACK reporting mode. The second HARQ-ACK reporting mode is not applicable for DCI formats having associated HARQ-ACK information without scheduling a PDSCH reception. For the first HARQ-ACK reporting mode, the UE generates HARQ-ACK information with ACK value when a UE correctly decodes a transport block or detects a DCI format indicating an SPS PDSCH release; otherwise, the UE generates HARQ-ACK information with NACK value, as described in clauses 9 and 9.1 through 9.3. For the second HARQ-ACK reporting mode, the UE does not transmit a PUCCH that would include only HARQ-ACK information with ACK values. For the second HARQ-ACK reporting mode, when a UE reports HARQ-ACK information for no more than 4 transport block reception, HARQ-ACK value maps to a PUCCH resource in a PUCCH resource set as defined in Table 18-1, for transmission of HARQ-ACK information on PUCCH. When a UE reports HARQ-ACK information for more than 4 transport block reception, the UE generates and transmits HARQ-ACK information as the first HARQ-ACK reporting mode, as described in clauses 9 and 9.1 through 9.3, if UE is provided by a first or second PUCCH-Config for unicast, otherwise, UE does not report the HARQ-ACK information.

Table 18-1. Mapping of HARQ-ACK value to a PUCCH resource in the first PUCCH resource set with maximum 16 PUCCH resources
	HARQ-ACK Value
	PUCCH resource

	{0}
	{0,0}
	{0,0,0}
	{0,0,0,0}
	1st PUCCH resource provided by pucch-ResourceId obtained from the 1st value of resourceList

	
	{1,0}
	{1,0,0}
	{1,0,0,0}
	2nd PUCCH resource provided by pucch-ResourceId obtained from the 2nd value of resourceList

	
	{0,1}
	{0,1,0}
	{0,1,0,0}
	3rd PUCCH resource provided by pucch-ResourceId obtained from the 3rd value of resourceList

	
	
	{1,1,0}
	{1,1,0,0}
	4th PUCCH resource provided by pucch-ResourceId obtained from the 4th value of resourceList

	
	
	{0,0,1}
	{0,0,1,0}
	5th PUCCH resource provided by pucch-ResourceId obtained from the 5th value of resourceList

	
	
	{1,0,1}
	{1,0,1,0}
	6th PUCCH resource provided by pucch-ResourceId obtained from the 6th value of resourceList

	
	
	{0,1,1}
	{0,1,1,0}
	7th PUCCH resource provided by pucch-ResourceId obtained from the 7th value of resourceList

	
	
	
	{1,1,1,0}
	8th PUCCH resource provided by pucch-ResourceId obtained from the 8th value of resourceList

	
	
	
	{0,0,0,1}
	9th PUCCH resource provided by pucch-ResourceId obtained from the 9th value of resourceList

	
	
	
	{1,0,0,1}
	10th PUCCH resource provided by pucch-ResourceId obtained from the 10th value of resourceList

	
	
	
	{0,1,0,1}
	11th PUCCH resource provided by pucch-ResourceId obtained from the 11th value of resourceList

	
	
	
	{1,1,0,1}
	12th PUCCH resource provided by pucch-ResourceId obtained from the 12th value of resourceList

	
	
	
	{0,0,1,1}
	13th PUCCH resource provided by pucch-ResourceId obtained from the 13th value of resourceList

	
	
	
	{1,0,1,1}
	14th PUCCH resource provided by pucch-ResourceId obtained from the 14th value of resourceList

	
	
	
	{0,1,1,1}
	15th PUCCH resource provided by pucch-ResourceId obtained from the 15th value of resourceList


<Unchanged text is omitted>
2.2 NACK-only overlapping with SR
In RAN1#107 e-meeting, the following two alternatives to deal with the multiplexing of NACK-only based feedback and SR are proposed in FL’s summary [3].
· Alt1: up to two TBs of NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16. 
· PUCCH resources configured for unicast will be used in concerned cases subject to legacy procedure as Rel-15/16. 
· For the case of more than two TBs of NACK-only, [FFS: SR] is dropped. 
· Alt2: 
· for positive SR, NACK-only is transmitted on the PUCCH resource configured for SR; 
· If the PUCCH resource for SR cannot accommodate multiplexed UCI (e.g., in case of multiple NACK-only bits are multiplexed with SR), [FFS: SR] is dropped.
· for negative SR, NACK-only feedback is transmitted on the PUCCH resource configured for NACK-only.

As the discussion in section 2.1, for more than four TBs with NACK-only feedback, NACK-only feedback is transformed into ACK/NACK based, and in this case, the legacy Rel-15/16 SR and HARQ-ACK multiplexing procedure can be naturally reused because UE will use unicast PUCCH to transmit multicast ACK/NACK information.
For three or four TBs of NACK-only feedback, SR is dropped in Alt 1 and Alt 2. However, dropping SR can be avoided if three or four TBs of NACK-only feedback is also transformed into ACK/NACK HARQ bits and SR is multiplexed on PUCCH resource for HARQ-ACK feedback.
For up to two TBs of NACK-only feedback, NACK-only feedback is also transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure in Alt 1 and NACK-only is transmitted on the PUCCH resource configured for SR in positive SR case in Alt 2.
From the discussion above, NACK-only feedback transforming into ACK/NACK HARQ bits and multiplexing with SR as legacy procedure is a common design for all number of TBs and has simple spec impact. Therefore, when PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, we support NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.
Proposal 2. When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.
· PUCCH resources configured for unicast will be used for transformed ACK/NACK.
The TP suggestion for TS 38.213 section 18 is as the following:
<Unchanged text is omitted>
For the second HARQ-ACK reporting mode, if a UE would multiplex HARQ-ACK information associated with multicast DCI formats and HARQ-ACK information associated with unicast DCI formats in a PUCCH, or with P/SP-CSI in a PUCCH, or with SR in a PUCCH, or in a PUSCH, the UE provides HARQ-ACK information according to the first HARQ-ACK reporting mode. 
<Unchanged text is omitted>

Some companies concern whether Proposal 1 and Proposal 2 are aligned. In our view, the application scenario and motivation of these two proposals are different. Proposal 1 aims to deal with multiple NACK-only bits feedback issue without multiplexing, so up to 4 TBs NACK-only feedback is associated with different PUCCH resource index to reduce overhead of PUCCH. Proposal 2 applies when NACK-only feedback multiplexes with SR, all number of TBs with NACK-only is transformed to ACK/NACK feedback to avoid dropping of SR, meanwhile avoiding loss of HARQ-ACK information.
3. HARQ-ACK feedback common
3.1 HARQ-ACK feedback timing
In unicast, the HARQ-ACK feedback timing for DCI format 1_0 is fixed in the specification and HARQ-ACK feedback timing for DCI format 1_1 or DCI format 1_2 can be configured by RRC signalling. In multicast, the HARQ-ACK feedback timing can be also configured by RRC signalling for DCI format 4_1 which is different from unicast DCI format 1_0 design. But in current specification, the RRC parameter dl-DataToUL-ACK-MulticastDciFormat4_1 is used to configure the HARQ-ACK feedback timing both for DCI format 4_1 and 4_2. From our understanding, the original RRC parameter dl-DataToUL-ACK which confined within PUCCH-Config-Multicast1 or PUCCH-Config-Multicast2 is used to configure the HARQ-ACK feedback timing for DCI format 4_2 similar the HARQ-ACK feedback timing configuration to DCI format 1_1. In addition, dl-DataToUL-ACK is also used for DCI format 4_2 in TS 38.212 as the following:
“-	PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter dl-DataToUL-ACK in PUCCH-Config-Multicast1 if configured or PUCCH-Config-Multicast2 if configured; otherwise, I is the number of entries in the higher layer parameter dl-DataToUL-ACK in PUCCH-Config.”
Thus, we suggest the following TPs to clarify dl-DataToUL-ACK is used to configure the HARQ-ACK timing for DCI format 4_2, which one is the description of HARQ-ACK feedback timing configuration in TS 38.213 section 9.2.3 and the another is the K1 list component in type-1 HARQ-ACK codebook construction in TS 38.213 section 9.1.2.1.
Proposal 3. dl-DataToUL-ACK is used to configure the HARQ-ACK timing for DCI format 4_2 and the TP suggestions are as the following:
TS 38.213 section 9.2.3:
<Unchanged text is omitted>
For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For a unicast DCI format, other than DCI format 1_0 or requesting Type-3 HARQ-ACK codebook report without scheduling a PDSCH reception as described in clause 9.1.4, the PDSCH-to-HARQ_feedback timing indicator field values, if present, map to values for a set of number of slots provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormat1_2, as defined in Table 9.2.3-1. For multicast DCI formats 4_1, the PDSCH-to-HARQ_feedback timing indicator field values are provided by dl-DataToUL-ACK-MulticastDciFormat4_1 or, if dl-DataToUL-ACK-MulticastDciFormat4_1 is not provided, by {1, 2, 3, 4, 5, 6, 7, 8}. For DCI format 4_2, the PDSCH-to-HARQ_feedback timing indicator field values are provided by dl-DataToUL-ACK.
<Unchanged text is omitted>
TS 38.213 section 9.1.2.1:
<Unchanged text is omitted>
e)	If the UE is configured to monitor PDCCH for multicast DCI formats for serving cell 
-	if the UE is not provided type1-Codebook-Generation-Mode = ‘mode1’,  is additionally provided by the union of dl-DataToUL-ACK and dl-DataToUL-ACK-ForDCI Format4_1
-	if the UE is not provided dl-DataToUL-ACK-ForDCI Format4_1,  is provided by the union of dl-DataToUL-ACK and slot timing values {1, 2, 3, 4, 5, 6, 7, 8} 
-	if the UE is provided type1-Codebook-Generation-Mode = ‘mode1’, the UE
-	determines a first  set as , where  is a set of slot timing values for the multicast DCI formats, a second  set as , and a third  set as 
<Unchanged text is omitted>
3.2 Fallback operation for Type-1 HARQ-ACK codebook
Last RAN1 meeting agreed to extend the fallback operation for Type-1 HARQ-ACK codebook to multicast PDSCH receptions [4]. 
Agreement
[bookmark: _Hlk94198749]Extending the fallback operation for Type-1 HARQ-ACK codebook to multicast PDSCH receptions.
· FFS how to handle the fallback operation for the case of multiple G-RNTIs/G-CS-RNTIs configured
· FFS how to handle the fallback operation for the case that PTP retransmission is used for PTM initial transmission. 
Existing fallback operation for Type-1 HARQ-ACK codebook is as follow. 
If a UE reports HARQ-ACK information in a PUCCH only for 
-	a SPS PDSCH release indicated by DCI format 1_0 with counter DAI field value of 1, or
-	a PDSCH reception scheduled by DCI format 1_0 with counter DAI field value of 1 on the PCell, or 
-	SPS PDSCH receptions associated with a CS-RNTI
within the [image: ] occasions for candidate PDSCH receptions as determined in Clause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception or only for the SPS PDSCH receptions according to corresponding [image: ] occasion(s) on respective serving cell(s), where the value of counter DAI in DCI format 1_0 is according to Table 9.1.3-1 and HARQ-ACK information bits in response to SPS PDSCH receptions are ordered according to the following pseudo-code; otherwise, the procedures in Clause 9.1.2.1 and Clause 9.1.2.2 for a HARQ-ACK codebook determination apply.


When multiple G-RNTIs/G-CS-RNTIs are configured, for one SPS PDSCH release or for one PDSCH reception case using DCI format 4_1, the fallback operation for multicast is the same as existing spec since there is only one HARQ-ACK bit needs to be feedbacked. For SPS PDSCH receptions case, the fallback operation is also the same as existing spec since one G-CS-RNTI is associated with one SPS PDSCH configuration index at a time and the Type-1 HARQ-ACK codebook is constructed in ascending order of SPS PDSCH configuration index which has no relationship with the G-CS-RNTIs. That is fallback Type-1 HARQ-ACK codebook construction already includes multiple G-CS-RNTIs case. 
When a PDSCH reception is scheduled by DCI format 1_0, no matter it is unicast PDSCH or PTP retransmission PDSCH for multicast PTM initial transmission, existing fallback operation also applies.
Proposal 4. When multiple G-RNTIs/G-CS-RNTIs are configured or a PTP retransmission is scheduled by DCI format 1_0, the fallback operation for Type-1 HARQ-ACK codebook is the same as R16 fallback operation.
TP suggestion for TS 38.213 section 9.1.2 is as the following:
<Unchanged text is omitted>
If a UE reports HARQ-ACK information in a PUCCH only for 
-	a SPS PDSCH release indicated by DCI format 1_0 or by DCI format 4_1 with counter DAI field value of 1, or
-	a PDSCH reception scheduled by DCI format 1_0 or by DCI format 4_1 with counter DAI field value of 1 on the PCell, or 
-	SPS PDSCH receptions associated with a CS-RNTI or with G-CS-RNTIs
within the  occasions for candidate PDSCH receptions as determined in clause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release, or only for the PDSCH reception, or only for SPS PDSCH receptions according to corresponding  occasions on respective serving cells, where the value of counter DAI in DCI format 1_0 or in DCI format 4_1 is according to Table 9.1.3-1 and HARQ-ACK information bits in response to more than one SPS PDSCH receptions that the UE is configured to receive are ordered according to the following pseudo-code; otherwise, the procedures in clause 9.1.2.1 and clause 9.1.2.2 for a HARQ-ACK codebook determination apply.
<Unchanged text is omitted>
3.3 UL-DAI for multicast and unicast HARQ-ACK multiplexing
In last RAN1 meeting, unicast and multicast HARQ-ACK multiplexing on PUSCH was supported, but one remaining issue is how to design the UL-DAI bits [4].
Agreement
When PUCCH carrying multicast HARQ-ACK only overlaps with PUSCH with the same priority, support UL-DAI indicating the number of HARQ-ACK bits for multicast as defined in Rel-16 for unicast HARQ-ACK. 
· FFS it is applied to a single G-RNTI or applied to all configured G-RNTIs. 
Agreement
Support multiplexing unicast and multicast HARQ-ACK onto the same PUSCH with the same priority for the following cases:
· If the unicast and multicast HARQ-ACK codebooks are both Type-1
· Option1-1: the 1-bit UL DAI with value “1” indicates multiplexing unicast and multicast HARQ-ACK codebooks onto the same PUSCH. 
· Option1-2: two bits UL DAI separately indicate whether multiplexing unicast and/or multicast HARQ-ACK codebooks onto the same PUSCH
· FFS whether it is applied to a single G-RNTI or applied to all configured G-RNTIs.
· If both unicast and multicast HARQ-ACK codebooks are Type-2, down-select from:
· Option2-1: the 2-bit UL DAI is applicable to both HARQ-ACK codebooks. 
· Option2-2: 2-bit UL DAI(s) are included in DCI for multicast, in addition to the 2-bit UL DAI for unicast. 
· FFS whether a single UL DAI field is applied to all G-RNTIs, or separate UL DAI fields are applied for each configured G-RNTI.
· FFS the unicast and multicast HARQ-ACK codebooks are different Types. 

The first issue needs discussion is whether the UL-DAI is applied to a single G-RNTI or applied to all configured G-RNTIs. Considering the configured G-RNTI number may be large and if one UL-DAI is only applied to single G-RNTI, the total UL-DAI bitlength may be too large which will cause the increase of unicast UL grant PDCCH DCI size. Therefore, we support the UL-DAI is applied to all configured G-RNTIs.
Proposal 5. When PUCCH carrying multicast HARQ-ACK only overlaps with PUSCH with the same priority, UL-DAI indicating the number of HARQ-ACK bits for multicast is applied to all configured G-RNTIs. 
As the detailed UL-DAI design, there are two major options, which the first option is the common UL-DAI bit(s) is used to indicate both unicast and multicast, and the second option is that separate UL-DAIs are used to indicate unicast and multicast separately. For the first option, the UL-DAI bitlength is not changed compared with Rel-16, and can be applied to when the codebook type of unicast and multicast is the same. The second option provides more flexibility but increases the UL-DAI bitlength. However, as the discussion above, if the UL-DAI is applied to all configured G-RNTIs, the additional UL-DAI bitlength is only 1 bit or 2 bits which is also acceptable. One more important thing needs consideration is when unicast and multicast HARQ-ACK codebooks are different types, only separate UL-DAI can be used in this case, since the usages of UL-DAI for Type-1 codebook and Type-2 codebook are totally different.
Considering this, separate UL-DAI are preferred not only for same codebook type but also different codebook types, and the detailed design is summarized as the following:
· Case 1: The unicast and multicast HARQ-ACK codebooks are both Type-1:
· Option1-2: two bits UL DAI separately indicate whether multiplexing unicast and/or multicast HARQ-ACK codebooks onto the same PUSCH.
· Case 2: The unicast and multicast HARQ-ACK codebooks are both Type-2:
· Option2-2: 2-bit UL DAI(s) are included in DCI for multicast, in addition to the 2-bit UL DAI for unicast.
· Case 3: The unicast HARQ-ACK codebook is Type-1 and the multicast HARQ-ACK codebook is Type-2:
· 1-bit UL DAI indicates whether multiplexing unicast HARQ-ACK codebook onto the PUSCH and 2-bit UL DAI is for multicast.
· Case 4: The unicast HARQ-ACK codebook is Type-2 and the multicast HARQ-ACK codebook is Type-1:
· 2-bit UL DAI is for unicast and 1-bit UL DAI indicates whether multiplexing multicast HARQ-ACK codebook onto the PUSCH.

Proposal 6. For multiplexing unicast and multicast HARQ-ACK onto the same PUSCH with the same priority:
· If the unicast and multicast HARQ-ACK codebooks are both Type-1:
· Option1-2: two bits UL DAI separately indicate whether multiplexing unicast and/or multicast HARQ-ACK codebooks onto the same PUSCH
· If the unicast and multicast HARQ-ACK codebooks are both Type-2:
· Option2-2: 2-bit UL DAI(s) are included in DCI for multicast, in addition to the 2-bit UL DAI for unicast.
· If the unicast HARQ-ACK codebook is Type-1 and the multicast HARQ-ACK codebook is Type-2:
· 1-bit UL DAI indicates whether multiplexing unicast HARQ-ACK codebook onto the PUSCH and 2-bit UL DAI is for multicast.
· If the unicast HARQ-ACK codebook is Type-2 and the multicast HARQ-ACK codebook is Type-1:
· 2-bit UL DAI is for unicast and 1-bit UL DAI indicates whether multiplexing multicast HARQ-ACK codebook onto the PUSCH.
3.4 DL-DAI in format 4_2
As the discussion in our contribution [5], multicast service can also be supported in SCell, but one UE can only be configured with one carrier to receive multicast service simultaneously. Therefore, the total DAI is not needed in the DCI format 4_2. 
Proposal 7. Total DAI is not needed in DCI format 4_2.
In addition, pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16 is used to configure a separate HARQ-ACK codebook type for unicast, but there is only one cell can be configured with multicast service in Rel-17, that is pdsch-HARQ-ACK-Codebook-Multicast is used to configure the multicast HARQ-ACK codebook type regardless the multicast carrier is belong to the first PUCCH group or secondary PUCCH group. Thus, the following sentence can be deleted in TS 38.212.
	“If the UE is configured with a PUCCH-SCell, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16 if present for the secondary PUCCH group.”
Proposal 8. The TP suggestion for TS 38.212 section 7.3.1.5.3 is as the following:
7.3.1.5.3	Format 4_2
<Unchanged text is omitted>
-	Downlink assignment index – number of bits as defined in the following
-	4 bits if more than one serving cell are configured in the DL for multicast and the higher layer parameter pdsch-HARQ-ACK-Codebook-Multicast=dynamic, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	2 bits if only one serving cell is configured in the DL for multicast and the higher layer parameter pdsch-HARQ-ACK-Codebook-Multicast=dynamic, where the 2 bits are the counter DAI;
-	0 bits otherwise. 
	If the UE is configured with a PUCCH-SCell, the number of serving cells is determined within a PUCCH group.
[bookmark: _Hlk91162227]If the UE is configured with a PUCCH-SCell, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16 if present for the secondary PUCCH group.
	If higher layer parameter priorityIndicatorDCI-1-1 is configured in PDSCH-Config-Multicast, if the bit width of the Downlink assignment index in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 1_1 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>
4. SPS
4.1 SPS and dynamic multicast HARQ-ACK multiplexing
In last RAN1 meeting, the following agreement is achieved [4], and the PUCCH for unicast SPS and multicast dynamic grant multiplexing needs further down-selection.
Agreement
When HARQ-ACK for unicast SPS PDSCHs and multicast dynamic grant PDSCHs with ACK/NACK based feedback are multiplexed on the same PUCCH for the same priority case, down-select from:
· Option 1: the PUCCH carrying the multiplexed HARQ-ACK is determined from the SPS-PUCCH-AN-List configured for unicast.
· Option 2: the PUCCH carrying the multiplexed HARQ-ACK is determined from PUCCH-Config/PUCCH-ConfigurationList configured for multicast.

On one hand, there are only 4 PUCCH resources in SPS-PUCCH-AN-List for unicast, considering carrying large number of HARQ-ACK bits of multicast dynamic grant PDSCHs, PUCCH-Config/PUCCH-ConfigurationList for multicast can provide more sufficient PUCCH resources. 
On the other hand, based on existing spec, when HARQ-ACK for unicast dynamic grant PDSCHs and unicast SPS PDSCHs with ACK/NACK based feedback are multiplexed on the same PUCCH, the PUCCH carrying the multiplexed HARQ-ACK is determined from PUCCH-Config/PUCCH-ConfigurationList configured for unicast. Based on agreement in last RAN1 meeting, when HARQ-ACK for multicast dynamic grant PDSCHs and multicast SPS PDSCHs with ACK/NACK based feedback are multiplexed on the same PUCCH, the PUCCH carrying the multiplexed HARQ-ACK is determined from PUCCH-Config/PUCCH-ConfigurationList configured for multicast. To remain a unified solution, we prefer Option 2. 
Proposal 9. When HARQ-ACK for unicast SPS PDSCHs and multicast dynamic grant PDSCHs with ACK/NACK based feedback are multiplexed on the same PUCCH for the same priority case, the PUCCH carrying the multiplexed HARQ-ACK is determined from PUCCH-Config/PUCCH-ConfigurationList configured for multicast.
TP suggestion for TS 38.213 section 18 is as the following:
<Unchanged text is omitted>
For the first HARQ-ACK reporting mode, if the UE multiplexes HARQ-ACK information of same priority value associated with multicast DCI formats and with unicast SPS PDSCH receptions in a same PUCCH, the UE determines the PUCCH resource based on the last multicast DCI format, as described in clause 9.2.3.
<Unchanged text is omitted>
5. Conclusions
In this contribution, remaining issues of reliability improvement in Rel-17 NR MBS are discussed, and the following proposals are made.
Proposal 1. When more than one NACK-only feedback are available for transmission in the same PUCCH slot,
· define up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback, 
· for more than 4 TBs with NACK-only feedback, NACK-only feedback is transformed into ACK/NACK based, which UE reports HARQ-ACK as in Rel-16 using PUCCH resources for unicast determined by PRI in the last DCI. Otherwise, the UE does not report HARQ-ACK.
· UE is not expected to transmit more than one NACK-only feedback corresponding to different G-RNTIs in the same PUCCH slot. 
The TP suggestion for TS 38.213 section 18 is as the following:
<Unchanged text is omitted>
A UE monitors PDCCH for scheduling PDSCH receptions or for activation/release of SPS PDSCH receptions for a corresponding SPS PDSCH configuration as described in clause 10.1.A UE can be configured by harq-Feedback-Option-Multicast for a G-RNTI or for a G-CS-RNTI to provide HARQ-ACK information for a transport block reception associated with the G-RNTI or with the G-CS-RNTI, respectively, according to the first HARQ-ACK reporting mode or according to the second HARQ-ACK reporting mode. The second HARQ-ACK reporting mode is not applicable for DCI formats having associated HARQ-ACK information without scheduling a PDSCH reception. For the first HARQ-ACK reporting mode, the UE generates HARQ-ACK information with ACK value when a UE correctly decodes a transport block or detects a DCI format indicating an SPS PDSCH release; otherwise, the UE generates HARQ-ACK information with NACK value, as described in clauses 9 and 9.1 through 9.3. For the second HARQ-ACK reporting mode, the UE does not transmit a PUCCH that would include only HARQ-ACK information with ACK values. For the second HARQ-ACK reporting mode, when a UE reports HARQ-ACK information for no more than 4 transport block reception, HARQ-ACK value maps to a PUCCH resource in a PUCCH resource set as defined in Table 18-1, for transmission of HARQ-ACK information on PUCCH. When a UE reports HARQ-ACK information for more than 4 transport block reception, the UE generates and transmits HARQ-ACK information as the first HARQ-ACK reporting mode, as described in clauses 9 and 9.1 through 9.3, if UE is provided by a first or second PUCCH-Config for unicast, otherwise, UE does not report the HARQ-ACK information.

Table 18-1. Mapping of HARQ-ACK value to a PUCCH resource in the first PUCCH resource set with maximum 16 PUCCH resources
	HARQ-ACK Value
	PUCCH resource

	{0}
	{0,0}
	{0,0,0}
	{0,0,0,0}
	1st PUCCH resource provided by pucch-ResourceId obtained from the 1st value of resourceList

	
	{1,0}
	{1,0,0}
	{1,0,0,0}
	2nd PUCCH resource provided by pucch-ResourceId obtained from the 2nd value of resourceList

	
	{0,1}
	{0,1,0}
	{0,1,0,0}
	3rd PUCCH resource provided by pucch-ResourceId obtained from the 3rd value of resourceList

	
	
	{1,1,0}
	{1,1,0,0}
	4th PUCCH resource provided by pucch-ResourceId obtained from the 4th value of resourceList

	
	
	{0,0,1}
	{0,0,1,0}
	5th PUCCH resource provided by pucch-ResourceId obtained from the 5th value of resourceList

	
	
	{1,0,1}
	{1,0,1,0}
	6th PUCCH resource provided by pucch-ResourceId obtained from the 6th value of resourceList

	
	
	{0,1,1}
	{0,1,1,0}
	7th PUCCH resource provided by pucch-ResourceId obtained from the 7th value of resourceList

	
	
	
	{1,1,1,0}
	8th PUCCH resource provided by pucch-ResourceId obtained from the 8th value of resourceList

	
	
	
	{0,0,0,1}
	9th PUCCH resource provided by pucch-ResourceId obtained from the 9th value of resourceList

	
	
	
	{1,0,0,1}
	10th PUCCH resource provided by pucch-ResourceId obtained from the 10th value of resourceList

	
	
	
	{0,1,0,1}
	11th PUCCH resource provided by pucch-ResourceId obtained from the 11th value of resourceList

	
	
	
	{1,1,0,1}
	12th PUCCH resource provided by pucch-ResourceId obtained from the 12th value of resourceList

	
	
	
	{0,0,1,1}
	13th PUCCH resource provided by pucch-ResourceId obtained from the 13th value of resourceList

	
	
	
	{1,0,1,1}
	14th PUCCH resource provided by pucch-ResourceId obtained from the 14th value of resourceList

	
	
	
	{0,1,1,1}
	15th PUCCH resource provided by pucch-ResourceId obtained from the 15th value of resourceList


<Unchanged text is omitted>
Proposal 2. When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.
· PUCCH resources configured for unicast will be used for transformed ACK/NACK.
The TP suggestion for TS 38.213 section 18 is as the following:
<Unchanged text is omitted>
For the second HARQ-ACK reporting mode, if a UE would multiplex HARQ-ACK information associated with multicast DCI formats and HARQ-ACK information associated with unicast DCI formats in a PUCCH, or with P/SP-CSI in a PUCCH, or with SR in a PUCCH, or in a PUSCH, the UE provides HARQ-ACK information according to the first HARQ-ACK reporting mode. 
<Unchanged text is omitted>
Proposal 3. dl-DataToUL-ACK is used to configure the HARQ-ACK timing for DCI format 4_2 and the TP suggestions are as the following:
TS 38.213 section 9.2.3:
<Unchanged text is omitted>
For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For a unicast DCI format, other than DCI format 1_0 or requesting Type-3 HARQ-ACK codebook report without scheduling a PDSCH reception as described in clause 9.1.4, the PDSCH-to-HARQ_feedback timing indicator field values, if present, map to values for a set of number of slots provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormat1_2, as defined in Table 9.2.3-1. For multicast DCI formats 4_1, the PDSCH-to-HARQ_feedback timing indicator field values are provided by dl-DataToUL-ACK-MulticastDciFormat4_1 or, if dl-DataToUL-ACK-MulticastDciFormat4_1 is not provided, by {1, 2, 3, 4, 5, 6, 7, 8}. For DCI format 4_2, the PDSCH-to-HARQ_feedback timing indicator field values are provided by dl-DataToUL-ACK.
<Unchanged text is omitted>
TS 38.213 section 9.1.2.1:
<Unchanged text is omitted>
e)	If the UE is configured to monitor PDCCH for multicast DCI formats for serving cell 
-	if the UE is not provided type1-Codebook-Generation-Mode = ‘mode1’,  is additionally provided by the union of dl-DataToUL-ACK and dl-DataToUL-ACK-ForDCI Format4_1
-	if the UE is not provided dl-DataToUL-ACK-ForDCI Format4_1,  is provided by the union of dl-DataToUL-ACK and slot timing values {1, 2, 3, 4, 5, 6, 7, 8} 
-	if the UE is provided type1-Codebook-Generation-Mode = ‘mode1’, the UE
-	determines a first  set as , where  is a set of slot timing values for the multicast DCI formats, a second  set as , and a third  set as 
<Unchanged text is omitted>
Proposal 4. When multiple G-RNTIs/G-CS-RNTIs are configured or a PTP retransmission is scheduled by DCI format 1_0, the fallback operation for Type-1 HARQ-ACK codebook is the same as R16 fallback operation.
TP suggestion for TS 38.213 section 9.1.2 is as the following:
<Unchanged text is omitted>
If a UE reports HARQ-ACK information in a PUCCH only for 
-	a SPS PDSCH release indicated by DCI format 1_0 or by DCI format 4_1 with counter DAI field value of 1, or
-	a PDSCH reception scheduled by DCI format 1_0 or by DCI format 4_1 with counter DAI field value of 1 on the PCell, or 
-	SPS PDSCH receptions associated with a CS-RNTI or with G-CS-RNTIs
within the  occasions for candidate PDSCH receptions as determined in clause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release, or only for the PDSCH reception, or only for SPS PDSCH receptions according to corresponding  occasions on respective serving cells, where the value of counter DAI in DCI format 1_0 or in DCI format 4_1 is according to Table 9.1.3-1 and HARQ-ACK information bits in response to more than one SPS PDSCH receptions that the UE is configured to receive are ordered according to the following pseudo-code; otherwise, the procedures in clause 9.1.2.1 and clause 9.1.2.2 for a HARQ-ACK codebook determination apply.
<Unchanged text is omitted>
Proposal 5. When PUCCH carrying multicast HARQ-ACK only overlaps with PUSCH with the same priority, UL-DAI indicating the number of HARQ-ACK bits for multicast is applied to all configured G-RNTIs. 
Proposal 6. For multiplexing unicast and multicast HARQ-ACK onto the same PUSCH with the same priority:
· If the unicast and multicast HARQ-ACK codebooks are both Type-1:
· Option1-2: two bits UL DAI separately indicate whether multiplexing unicast and/or multicast HARQ-ACK codebooks onto the same PUSCH
· If the unicast and multicast HARQ-ACK codebooks are both Type-2:
· Option2-2: 2-bit UL DAI(s) are included in DCI for multicast, in addition to the 2-bit UL DAI for unicast.
· If the unicast HARQ-ACK codebook is Type-1 and the multicast HARQ-ACK codebook is Type-2:
· 1-bit UL DAI indicates whether multiplexing unicast HARQ-ACK codebook onto the PUSCH and 2-bit UL DAI is for multicast.
· If the unicast HARQ-ACK codebook is Type-2 and the multicast HARQ-ACK codebook is Type-1:
· 2-bit UL DAI is for unicast and 1-bit UL DAI indicates whether multiplexing multicast HARQ-ACK codebook onto the PUSCH.
Proposal 7. Total DAI is not needed in DCI format 4_2.
Proposal 8. The TP suggestion for TS 38.212 section 7.3.1.5.3 is as the following:
7.3.1.5.3	Format 4_2
<Unchanged text is omitted>
-	Downlink assignment index – number of bits as defined in the following
-	4 bits if more than one serving cell are configured in the DL for multicast and the higher layer parameter pdsch-HARQ-ACK-Codebook-Multicast=dynamic, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	2 bits if only one serving cell is configured in the DL for multicast and the higher layer parameter pdsch-HARQ-ACK-Codebook-Multicast=dynamic, where the 2 bits are the counter DAI;
-	0 bits otherwise. 
	If the UE is configured with a PUCCH-SCell, the number of serving cells is determined within a PUCCH group.
If the UE is configured with a PUCCH-SCell, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16 if present for the secondary PUCCH group.
	If higher layer parameter priorityIndicatorDCI-1-1 is configured in PDSCH-Config-Multicast, if the bit width of the Downlink assignment index in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 1_1 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>
Proposal 9. When HARQ-ACK for unicast SPS PDSCHs and multicast dynamic grant PDSCHs with ACK/NACK based feedback are multiplexed on the same PUCCH for the same priority case, the PUCCH carrying the multiplexed HARQ-ACK is determined from PUCCH-Config/PUCCH-ConfigurationList configured for multicast.
TP suggestion for TS 38.213 section 18 is as the following:
<Unchanged text is omitted>
For the first HARQ-ACK reporting mode, if the UE multiplexes HARQ-ACK information of same priority value associated with multicast DCI formats and with unicast SPS PDSCH receptions in a same PUCCH, the UE determines the PUCCH resource based on the last multicast DCI format, as described in clause 9.2.3.
<Unchanged text is omitted>
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