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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This paper discusses the maintenance issues for NACK-only mode2 HARQ-ACK feedback, PRI for NACK-only feedback, procedure timeline for NACK-only, retransmission for multicast, PUCCH resource determination for multiplexing DG and SPS multicast, and Type-2 codebook for multiplexing DG/SPS unicast/multicast. The corresponding CRs are also provided for each issue. 
[bookmark: _Ref117618211][bookmark: _Ref114732477]Issue#1: moreThanOneNackOnlyMode
Whether the higher layer parameter moreThanOneNackOnlyMode includes the case where HARQ-ACK is for a single TB was brought up but was not solved in the last meeting [1].
The RRC parameter was named moreThanOneNackOnlyMode is because the HARQ-ACK generation for the case of more than one TB scheduled is different for the two modes. However, for the case of one TB scheduled, UE behavior is the same, i.e., not transmit the HARQ-ACK if the TB is decoded correctly and transmit NACK otherwise, with the exception of PUCCH resource determination being different as agreed in the last meeting. 
With this common sense, two aspects can be considered to handle the specification corrections. One is keeping the UE behavior for a single HARQ-ACK bit for NACK-only commonly specified as in TS38.213 and describing UE behavior differences for the cases if moreThanOneNackOnlyMode is configured or if not configured when the number of HARQ-ACK bit is more than one. The other aspect is changing the parameter name to NackOnlyMode and clarifying in the field description in TS38.331 [2] that this configuration indicates the modes of NACK-only feedback in the same PUCCH transmission when the number of HARQ-ACK bit is more than one and adding a note that in either mode the PUCCH transmission for a single HARQ-ACK bit is specified in TS38.213. 
Firstly, it would be helpful to correct the RRC parameter moreThanOneNackOnlyMode to NackOnlyMode to avoid the confusion whether UE can be scheduled to feedback a single HARQ-ACK bit in a PUCCH transmission in either mode and further clarify the description of this RRC parameter. For example, the text proposal to TS38.331 v17.2.0 regarding the parameter description can be as follows:
	moreThanOneNackOnlyMode
Indicates the mode of supporting more than one NACK-only feedback in the same PUCCH transmission when the number of HARQ-ACK bit is more than one. Mode 1 means UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits for more than one HARQ-ACK bit. Mode 2 means UE transmitting a specific sequence or a PUCCH transmission corresponding to the combination of more than one NACK-only HARQ feedback according to the mapping of values of HARQ-ACK information bits to PUCCH resources as specified in TS 38.213 [13]. In either mode, the PUCCH transmission for a single HARQ-ACK bit is specified in TS38.213 [13]. If multicast CFR is not configured, this field is not included. Otherwise, if the field is absent, UE uses mode 1 for multicast CFR. 



In addition, the draft LS to RAN2 [4] can be considered to inform RAN2 such suggested TP from RAN1 perspective and request RAN2 to check whether other RAN2 specification is affected and update the specification where needed. 
Secondly, with the above correction to TS38.331, the sync-up correction to TS38.213 [3] is needed in terms of the parameter interpretation alignment [5]. 
Issue#2: PRI for NACK-only feedback
The following two agreements were reached in RAN1#110 and RAN1#110bis-e meetings respectively regarding the PRI interpretation for NACK-only, 
	Agreement
For PRI included in DCI format 4_1/4_2, 
· if the G-RNTI is configured with NACK-only mode1, PRI indicates the PUCCH for the HARQ-ACK feedback including the case of one TB in scheduled. 
· If the G-RNTI is configured with NACK-only mode2,
· FFS on whether/how to interpret the PRI. 

Agreement
For PRI included in DCI format 4_1/4_2, if the G-RNTI is configured with NACK-only mode2, PRI will be ignored by UEs.




As clarified, NACK-only mode1 with NACK-only transformed into ACK/NACK is applied to the case of more than one HARQ-ACK bit or when HARQ-ACK collides with other UCI or PUSCH including the HARQ-ACK is for one TB or more than one TBs. 
Regarding multiplexing NACK-only including NACK-only mode1 and mode2 with other UCI or PUSCH, converting NACK-only into ACK/NACK has been reflected by the following statement in TS38.213:
“If a UE would multiplex multicast HARQ-ACK information according to the second HARQ-ACK reporting mode with multicast HARQ-ACK information according to the first HARQ-ACK reporting mode, or unicast HARQ-ACK information, or CSI reports in a first PUCCH or in a PUSCH, as described in clauses 9 and 9.2.5, the UE provides the HARQ-ACK information according to the first HARQ-ACK reporting mode.”
With the CR for correcting the interpretation of moreThanOneNackOnlyMode in [5], the remaining missing statement is that, for the a single HARQ-ACK bit, the UE determines a PUCCH to provide the HARQ-ACK information as described in clause 9.2 when UE is not provided moreThanOneNackOnlyMode or as the 1st PUCCH resource from resourceList when UE is provided moreThanOneNackOnlyMode, to reflect the above agreements about PRI . 
The draft CR is provided in [6]. 
[bookmark: _Ref114738585]Issue#3: procedure timeline for NACK-only
The issue regarding the timeline for NACK-only mode2 feedback was discussed for several meetings but have not be resolved. The extra time needed is because of the delayed time for determining PUCCH resource that can only be after PDSCH decoding. Even though all PUCCH resources for NACK-only mode2 share the same starting symbol and the same duration, as long as they are distributed in different PRBs, extra time is needed including for handling the power adjustment. This reasoning was not acknowledged before the last meeting and one reason is that it appears from the current specification in TS38.213 that UE can apply the power  adjustment immediately after receiving the TPC command. 
However, as discussed in [7] regarding timeline for group power control command, the agreement as follows presents UE is not required to apply a TPC command if the TPC command is received later than ,
	Agreement
The behavior for power control of PUSCH / PUCCH / SRS without a corresponding DCI is clarified to be as follows:
· A UE is not required to apply a TPC command if the PDCCH carrying the TPC command is received later than  before the start of the PUSCH / PUCCH / SRS.
· A UE that does not apply a TPC command for a corresponding PUSCH / PUCCH / SRS shall apply the TPC command for a later PUSCH / PUCCH / SRS that meets the timeline requirements. 
· FFS: Whether and how the above behavior is to be captured in the specifications for Rel-16 and later Releases



With the above agreement reached for the timeline of applying group power control command, it should be better understood that extra time is needed for determining the PUCCH resources for NACK-only mode2. 
It was also raised that whether to differentiate the cases for one TB or more than one TB scheduled because potentially PRI can be used to indicate PUCCH resource for one TB. However, as agreed in the last meeting that PRI is ignored by UEs in NACK-only mode2 as UE may not be aligned with the number of TBs scheduled from network due to UE specific DCI missing issue. Accordingly, for the time needed for UE preparing PUCCH transmission, there is no need to differentiate the cases for one TB or more than one TB scheduled. 
Regarding the specification impact, since TS38.214 [8] clause 5.3 UE PDSCH processing procedure time specifies the time required for UE providing a valid HARQ-ACK message, which is defined as the time from the end of the last symbol of the PDSCH to the first uplink symbol of the PUCCH which carries the HARQ-ACK information, one approach is to make an exception for NACK-only in clause 5.3 by adding  to  . 
With regard to the value of  for the case of PUCCH resources configured in different PRBs, it depends on UE implementation and it may further depend on how much the gap is between the allocated PRBs. Typically,  plus a margin can be acceptable or  takes . 
Proposal: Extend PDSCH processing procedure time for NACK-only mode2 based feedback by adding  into  as follows:
, where  when UE is configured with the same PRB for the PUCCH resources configured for NACK-only mode2. Otherwise. 
· Note all PUCCH resources have the same starting symbol and the same time duration as agreed. 

Note: The CR to TS38.214 is provided in [9].
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]Issue#4: retransmission for multicast
Retransmission schemes for multicast were discussed during the work item phase, which ended up with the following agreement: 
	Agreement:
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.



For NACK-only based feedback, the common understanding was that PTP retransmission is not workable because which UE transmits the NACK is undetectable from network perspective. However, such common understanding was based on the assumption that the PUCCH resources for feedback are shared by all UEs within the group to reduce the PUCCH overhead. Nevertheless, the PUCCH resources for NACK-only feedback are up to network configuration and the resources might be shared or not. On the other hand, when the NACK-only feedback is converted into ACK/NACK bits in the cases of e.g., in NACK-only mode1, or multiplexing with ACK/NACK feedback for unicast or other multicast configuration, the network can retransmit the failed TB via PTP. Therefore, the G-RNTI configured with NACK-only feedback does not necessarily mean the retransmission can only be PTM. 
From TS38.213 [3] as referenced as follows, it is unclear or could be misleading that NACK-only can only imply PTM retransmission because the PTP retransmission is only mentioned for the first HARQ-ACK reporting mode. Likewise, the retransmission scheme for G-CS-RNTI configured with NACK-only feedback needs to be clarified as well. 
	A PDSCH reception providing an initial transmission of a transport block is scheduled only by a multicast DCI format. For the first HARQ-ACK reporting mode, a PDSCH reception providing a retransmission of the transport block can be scheduled either by a multicast DCI format using a same G-RNTI as the G-RNTI of the initial transmission of the transport block, or by a unicast DCI format using a C-RNTI [6, TS 38.214].



The CR is provided in [10].
Issue#5: PUCCH for DG/SPS multicast HARQ-ACK mux
For multiplexing NACK-only HARQ-ACK and ACK/NACK HARQ-ACK, the following agreements were reached to determine the PUCCH resources for the multiplexed HARQ-ACK:
	Agreement
· [bookmark: OLE_LINK110]For the case when the PUCCH transmission for the NACK-only based feedback for one G-RNTI collides with the PUCCH transmission for ACK/NACK feedback for another G-RNTI with the same priority and then UE multiplexes the NACK-only based feedback with the ACK/NACK feedback onto the same PUCCH by transforming NACK-only into the ACK/NACK based HARQ-ACK bit, the PUCCH resources for transmitting the multiplexed HARQ-ACK bits is from the PUCCH-Config/PUCCH-ConfigurationList configured for multicast with ACK/NACK based feedback.  



The current specification in TS38.213 does not reflect the above agreement for dynamic multicast and SPS multicast with different HARQ-ACK feedback modes. The following paragraph for the CR was discussed in the last meeting but was not agreed in the end:
	If a UE multiplexes in a PUCCH only first HARQ-ACK information associated with multicast SPS PDSCH receptions and second HARQ-ACK information associated with multicast DCI formats and having same priority value as the first HARQ-ACK information, and the first and second HARQ-ACK information are indicated by harq-FeedbackOptionMulticast different HARQ-ACK reporting modes and moreThanOneNackOnlyMode is not provided, the UE determines the PUCCH resource based on:
-	sps-PUCCH-AN-ListMulticast, or sps-PUCCH-AN-List if sps-PUCCH-AN-ListMulticast is not provided, if the first HARQ-ACK information is according to the first HARQ-ACK reporting mode or 
-	the last multicast DCI format, as described in clause 9.2.3, if the second HARQ-ACK information is according to the first HARQ-ACK reporting mode. 



The comment from the last meeting with regard to the CR was whether or why add the phrase of ‘moreThanOneNackOnelyMode is not provided’ as yellow highlighted above. 
Firstly, there is no issue for multiplexing NACK-only mode1 HARQ-ACK and ACK/NACK HARQ-ACK according to the above CR. Secondly, a general question is whether UE supports multiplexing NACK-only mode2 with other UCI or PUSCH. At least, from the current specification as excerpted as follows, multiplexing NACK-only (including NACK-only mode1 and mode2 without explicit indication) with others is supported.
	“If a UE would multiplex multicast HARQ-ACK information according to the second HARQ-ACK reporting mode with multicast HARQ-ACK information according to the first HARQ-ACK reporting mode, or unicast HARQ-ACK information, or CSI reports in a first PUCCH or in a PUSCH, as described in clauses 9 and 9.2.5, the UE provides the HARQ-ACK information according to the first HARQ-ACK reporting mode.”


Overall, the CR as suggested in the last meeting can focus on generic NACK-only HARQ-ACK multiplexing with ACK/NACK HARQ-ACK. If needed, the general question whether supporting NACK-only mode2 with others can be separately discussed. 
The CR is provided in [11].

Issue#6: Type2 CB for DG/SPS unicast/multicast
Since DL-DAI is individually counted per G-RNTI/G-CS-RNTI, the Type-2 HARQ-ACK for multiplexing unicast and multicast or multiplexing multicast for different G-RNTIs/G-CS-RNTIs is concatenating the sub-codebook for each one as agreed as follows:
	[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Agreement:
For Type-2 HARQ-ACK codebook concatenation to be multiplexed in the same PUCCH resource,
· The first Type-2 HARQ-ACK sub-codebook for unicast precedes the second Type-2 HARQ-ACK sub-codebook for multicast.
· FFS: The number of Type-2 HARQ-ACK sub-codebooks for multicast. 
· Note: The case of SPS PDSCH will be discussed separately. 

Agreement:
When UE supports and is configured with more than one G-RNTI, 
· for Type-2 codebook construction, DAI is separately counted per G-RNTI. 
· Type-2 codebook is constructed by concatenating Type-2 sub-codebook of each RNTI following the ascending order of the G-RNTI value. 

Agreement
When UE supports and is configured with more than one G-CS-RNTI, for TB retransmissions that are scheduled by G-CS-RNTI,
· for Type-2 codebook construction, DL-DAI is separately counted per G-CS-RNTI, 
· Type-2 codebook is constructed by concatenating Type-2 sub-codebook of each G-CS-RNTI following the ascending order of the G-CS-RNTI value.
· Type-2 HARQ-ACK sub-codebook for G-CS-RNTIs is appended to the one for G-RNTI. 



For legacy with unicast only, the Type-2 codebook is HARQ-ACK for DCI formats appended by HARQ-ACK for SPS PDSCH. 
However, with all above agreements, it still might not be clear whether the Type-2 HARQ-ACK sub-codebook for G-CS-RNTIs only includes HARQ-ACK for DCI formats or also includes the HARQ-ACK for SPS PDSCH. 
The current specification stating ‘If a UE is configured to monitor PDCCH for multicast DCI formats with CRC scrambled by one or more G-RNTIs 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 or per G-CS-RNTI’ will imply 1) and stating ‘determines the Type-2 HARQ-ACK codebook by concatenating the Type-2 HARQ-ACK codebook for unicast DCI formats, 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’ will imply 2) as summarized in the following table. 
[bookmark: _Ref117787469]Table 1: Type-2 HARQ-ACK codebook for DG/SPS unicast and multicast
	Unicast only (legacy)
	Agreements for DG/SPS ucast/mcast
	The current spec 
	After applying the CR

	DCI+SPS PDSCH
	DCI-ucast+DCI-mcast,

DCI-mcast+DCI-mcast,

DCI-mcast+ 
SPS-DCI_ac/deac-mcast+ 
SPS-mcast


	1. DCI-ucast +
SPS-ucast +
DCI-mcast+ 
SPS-mcast+
SPS-DCI_ac/deac-mcast+
SPS-mcast
2. DCI-ucast+
DCI-mcast+
SPS-DCI-ac/dea
	DCI-ucast +
DCI-mcast+
SPS-DCI-ac/deac-mcast + SPS ucast+mcast.



The CR as follows as discussed in the last meeting is to correct or clarify the codebook for multiplexing dynamic or SPS unicast  and multicast. 
	If a UE is configured to monitor PDCCH for multicast DCI formats with CRC scrambled by one or more G-RNTIs 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 or per G-CS-RNTI 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, 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, followed by the HARQ-ACK codebook for SPS PDSCHs. 



The intended Type-2 HARQ-ACK codebook generation after applying the CR is listed in the last column of Table 1. 
The CR is provided in [12].

Conclusions
The maintenance issues regarding NACK-only, retransmission for multicast, etc. are discussed in the paper. The corresponding CRs are separately provided. In addition, the proposal for NACK-only is summarized as follows:
Proposal: Extend PDSCH processing procedure time for NACK-only mode2 based feedback by adding  into  as follows:
, where  when UE is configured with the same PRB for the PUCCH resources configured for NACK-only mode2. Otherwise. 
· Note all PUCCH resources have the same starting symbol and the same time duration as agreed. 
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