3GPP TSG RAN WG1#115			R1-2311015
Chicago, USA, November 13th – November 17th, 2023

Source:	ZTE, CBN
Title:	Discussion on the HARQ-ACK multiplexing for MBS and unicast
Agenda item:	7.2
Document for:	Discussion and Decision
Introduction
In the current spec, how to generate the HARQ-ACK codebook has been captured and is clear when the same HARQ-ACK codebook type is configured for unicast and multicast. However, when the different HARQ-ACK codebook types are configured, how to generate HARQ-ACK codebook is not clear. This issue is analysed in this contribution.
Discussion
HARQ-ACK information multiplexing in PUCCH
NR supports Type-1 HARQ-ACK codebook and Type-2 HARQ-ACK codebook. HARQ-ACK codebook types are configured for the unicast and multicast separately and the different HARQ-ACK codebook types can be configured. When the different HARQ-ACK codebook types are configured for multicast and unicast, it was agreed that the UE concatenates the HARQ-ACK sub-codebook for multicast to the HARQ-ACK sub-codebook for unicast as shown below [1]. This method at least can be applied to the HARQ-ACK information for DG PDSCH.
	Agreement
When UE is configured with different codebook types for unicast and multicast and when UE is scheduled to multiplex HARQ-ACK for unicast and HARQ-ACK for multicast with the same priority in the same PUCCH slot, 
· UE generates two separate sub-codebooks for unicast and multicast respectively and then concatenates them by appending sub-codebook for multicast to the sub-codebook for unicast. 
· Note: The PUCCH resource for transmitting the codebook is based on the last unicast DCI.
· FFS: when Type-3 HARQ-ACK codebook or enhanced Type-2 codebook is used for unicast
· Define a UE capability 


For SPS PDSCH receptions only, the UE generates the HARQ-ACK codebook by concatenating the HARQ-ACK information bits according to the SPS index as shown below [2], which is the same as the legacy. 
	Agreement
When UE is configured with unicast SPS and multicast SPS with ACK/NACK based feedback for multiplexing on the same PUCCH for the same priority case, the HARQ-ACK codebook is constructed as for multiple SPS PDSCHs regardless of unicast SPS PDSCH or multicast SPS PDSCH.


In the agreement, the HARQ-ACK codebook type is not mentioned. It is understood that it can be applied to the case when the different HARQ-ACK codebook types are configured. In this case, the two agreements are contradictory for the HARQ-ACK codebook only including the HARQ-ACK information bits for SPS PDSCH. 
Observation 1: The two agreements made in the previous meetings seem contradictory.
When the UE is configured with different HARQ-ACK codebook types for unicast and multicast, the UE may receive the DG PDSCH for unicast, SPS PDSCH for unicast, DG PDSCH for multicast and/or SPS PDSCH for multicast. Based on the agreements and the current specification, how to generate the HARQ-ACK codebook are summarized in Table 1 and Table 2 below.
Table 1 Type-1 codebook for unicast and Type-2 codebook for multicast
	Unicast
	Multicast
	HARQ-ACK information

	DG PDSCH
	DG PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast

	DG PDSCH
	SPS PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast

	DG PDSCH
	DG PDSCH
SPS PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast

	SPS PDSCH
	DG PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast

	SPS PDSCH
	SPS PDSCH
	Concatenate the HARQ-ACK information bits according to the SPS index

	SPS PDSCH
	DG PDSCH
SPS PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast
HARQ-ACK information bits for SPS PDSCH for unicast and multicast are duplicated

	DG PDSCH
SPS PDSCH
	DG PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast

	DG PDSCH
SPS PDSCH
	SPS PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast
HARQ-ACK information bits for SPS PDSCH for unicast are duplicated

	DG PDSCH
SPS PDSCH
	DG PDSCH
SPS PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast
HARQ-ACK information bits for SPS PDSCH for unicast are duplicated


Table 2 Type-2 codebook for unicast and Type-1 codebook for multicast
	Unicast
	Multicast
	HARQ-ACK information

	DG PDSCH
	DG PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast

	DG PDSCH
	SPS PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast

	DG PDSCH
	DG PDSCH
SPS PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast

	SPS PDSCH
	DG PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast

	SPS PDSCH
	SPS PDSCH
	Concatenate the HARQ-ACK information bits according to the SPS index

	SPS PDSCH
	DG PDSCH
SPS PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast
HARQ-ACK information bits for SPS PDSCH for multicast are duplicated

	DG PDSCH
SPS PDSCH
	DG PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast

	DG PDSCH
SPS PDSCH
	SPS PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast
HARQ-ACK information bits for SPS PDSCH for unicast and multicast are duplicated

	DG PDSCH
SPS PDSCH
	DG PDSCH
SPS PDSCH
	Sub-codebook for multicast is appended to the sub-codebook for unicast
HARQ-ACK information bits for SPS PDSCH for multicast are duplicated


It can be seen that when the UE receives at least SPS PDSCH for unicast, SPS PDSCH for multicast and DG PDSCH for unicast or multicast, the HARQ-ACK information bits for SPS PDSCH are duplicated according to the current specification. 
Observation 2: For the HARQ-ACK information multiplexing in PUCCH, when the UE receives at least SPS PDSCH for unicast, SPS PDSCH for multicast and DG PDSCH for unicast or multicast, the HARQ-ACK information bits for SPS PDSCH are duplicated according to the current specification.
HARQ-ACK information multiplexing in PUSCH
When the PUCCH carrying HARQ-ACK information bits overlaps with the PUSCH in the time domain, the HARQ-ACK information bits are multiplexed in the PUSCH. The UL DAI in the UL grant are separate for the HARQ-ACK information bits for multicast and unicast when different HARQ-ACK codebook types are configured for unicast and multicast. The UE generates the HARQ-ACK information bits for multicast and unicast, respectively. More specifically, the UE generates the HARQ-ACK information bits for unicast according to the UL DAI in the UL grant for unicast and the unicast PDSCH reception. The UE generates the HARQ-ACK information bits for multicast according to the UL DAI in the UL grant for multicast and the multicast PDSCH reception. The method of HARQ-ACK information multiplexing in PUCCH is also applied, i.e., the HARQ-ACK information bits for multicast are appended to the HARQ-ACK information bits for unicast to form the final HARQ-ACK codebook.
Based on the agreements and the current specification, how to generate the HARQ-ACK codebook are summarized in Table 3 and Table 4 below.
Table 3 Type-1 codebook for unicast and Type-2 codebook for multicast
	Unicast
	Multicast
	HARQ-ACK information

	DG PDSCH
	DG PDSCH
	UL DAI for unicast: 0/1
UL DAI for multicast: DAI in the last DL DCI
Sub-codebook for multicast is appended to the sub-codebook for unicast

	DG PDSCH
	SPS PDSCH
	UL DAI for unicast: 0/1
UL DAI for multicast: 4
Sub-codebook for multicast is appended to the sub-codebook for unicast

	DG PDSCH
	DG PDSCH
SPS PDSCH
	UL DAI for unicast: 0/1
UL DAI for multicast: DAI in the last DL DCI
Sub-codebook for multicast is appended to the sub-codebook for unicast

	SPS PDSCH
	DG PDSCH
	UL DAI for unicast: 0
UL DAI for multicast: DAI in the last DL DCI
Sub-codebook for multicast is appended to the sub-codebook for unicast

	SPS PDSCH
	SPS PDSCH
	UL DAI for unicast: 0
UL DAI for multicast: 4
Concatenate the HARQ-ACK information bits according to the SPS index
HARQ-ACK information bits for SPS PDSCH for unicast and multicast are duplicated

	SPS PDSCH
	DG PDSCH
SPS PDSCH
	UL DAI for unicast: 0
UL DAI for multicast: DAI in the last DL DCI
Sub-codebook for multicast is appended to the sub-codebook for unicast
HARQ-ACK information bits for SPS PDSCH for unicast and multicast are duplicated

	DG PDSCH
SPS PDSCH
	DG PDSCH
	UL DAI for unicast: 1
UL DAI for multicast: DAI in the last DL DCI
Sub-codebook for multicast is appended to the sub-codebook for unicast

	DG PDSCH
SPS PDSCH
	SPS PDSCH
	UL DAI for unicast: 1
UL DAI for multicast: 4
Sub-codebook for multicast is appended to the sub-codebook for unicast
HARQ-ACK information bits for SPS PDSCH for unicast and multicast are duplicated

	DG PDSCH
SPS PDSCH
	DG PDSCH
SPS PDSCH
	UL DAI for unicast: 1
UL DAI for multicast: DAI in the last DL DCI
Sub-codebook for multicast is appended to the sub-codebook for unicast
HARQ-ACK information bits for SPS PDSCH for unicast and multicast are duplicated


Table 4 Type-2 codebook for unicast and Type-1 codebook for multicast
	Unicast
	Multicast
	HARQ-ACK information

	DG PDSCH
	DG PDSCH
	UL DAI for unicast: DAI in the last DL DCI
UL DAI for multicast: 0/1
Sub-codebook for multicast is appended to the sub-codebook for unicast

	DG PDSCH
	SPS PDSCH
	UL DAI for unicast: DAI in the last DL DCI
UL DAI for multicast: 0
Sub-codebook for multicast is appended to the sub-codebook for unicast

	DG PDSCH
	DG PDSCH
SPS PDSCH
	UL DAI for unicast: DAI in the last DL DCI
UL DAI for multicast: 1
Sub-codebook for multicast is appended to the sub-codebook for unicast

	SPS PDSCH
	DG PDSCH
	UL DAI for unicast: 4
UL DAI for multicast: 0/1
Sub-codebook for multicast is appended to the sub-codebook for unicast

	SPS PDSCH
	SPS PDSCH
	UL DAI for unicast: 4
UL DAI for multicast: 0
Concatenate the HARQ-ACK information bits according to the SPS index
HARQ-ACK information bits for SPS PDSCH for unicast and multicast are duplicated

	SPS PDSCH
	DG PDSCH
SPS PDSCH
	UL DAI for unicast: 4
UL DAI for multicast: 1
Sub-codebook for multicast is appended to the sub-codebook for unicast
HARQ-ACK information bits for SPS PDSCH for unicast and multicast are duplicated

	DG PDSCH
SPS PDSCH
	DG PDSCH
	UL DAI for unicast: DAI in the last DL DCI
UL DAI for multicast: 0/1
Sub-codebook for multicast is appended to the sub-codebook for unicast

	DG PDSCH
SPS PDSCH
	SPS PDSCH
	UL DAI for unicast: DAI in the last DL DCI
UL DAI for multicast: 0
Sub-codebook for multicast is appended to the sub-codebook for unicast
HARQ-ACK information bits for SPS PDSCH for unicast and multicast are duplicated

	DG PDSCH
SPS PDSCH
	DG PDSCH
SPS PDSCH
	UL DAI for unicast: DAI in the last DL DCI
UL DAI for multicast: 1
Sub-codebook for multicast is appended to the sub-codebook for unicast
HARQ-ACK information bits for SPS PDSCH for unicast and multicast are duplicated


Similarly, when the UE receives at least SPS PDSCH for unicast and SPS PDSCH for multicast, the HARQ-ACK information bits for SPS PDSCH are duplicated according to the current specification.
Observation 3: For the HARQ-ACK information multiplexing in PUSCH, when the UE receives at least SPS PDSCH for unicast and SPS PDSCH for multicast, the HARQ-ACK information bits for SPS PDSCH are duplicated according to the current specification.
Based on the discussion above, the HARQ-ACK information bits for SPS PDSCH are duplicated since the HARQ-ACK sub-codebook for SPS PDSCH is generated according to the SPS index regardless of the service type of the SPS PDSCH. To avoid such duplication, the principle of the first agreement should be followed. When the different HARQ-ACK codebook types are configured for unicast and multicast, the HARQ-ACK codebooks for multicast including the HARQ-ACK information bits for SPS PDSCH for multicast are appended to the HARQ-ACK codebooks for unicast including the HARQ-ACK information bits for SPS PDSCH for unicast.
Proposal 1: When the different HARQ-ACK codebook types are configured for unicast and multicast, the HARQ-ACK codebooks for multicast including the HARQ-ACK information bits for SPS PDSCH for multicast are appended to the HARQ-ACK codebooks for unicast including the HARQ-ACK information bits for SPS PDSCH for unicast.
The corresponding draft CR can be founded in R1-2312089 [3].
Conclusion
On how to generate the HARQ-ACK codebook when the different HARQ-ACK codebook types are configured for unicast and multicast, we have the following observations and proposal.
Observation 1: The two agreements made in the previous meetings seem contradictory.
Observation 2: For the HARQ-ACK information multiplexing in PUCCH, when the UE receives at least SPS PDSCH for unicast, SPS PDSCH for multicast and DG PDSCH for unicast or multicast, the HARQ-ACK information bits for SPS PDSCH are duplicated according to the current specification.
Observation 3: For the HARQ-ACK information multiplexing in PUSCH, when the UE receives at least SPS PDSCH for unicast and SPS PDSCH for multicast, the HARQ-ACK information bits for SPS PDSCH are duplicated according to the current specification.
Proposal 1: When the different HARQ-ACK codebook types are configured for unicast and multicast, the HARQ-ACK codebooks for multicast including the HARQ-ACK information bits for SPS PDSCH for multicast are appended to the HARQ-ACK codebooks for unicast including the HARQ-ACK information bits for SPS PDSCH for unicast.
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