	
3GPP TSG RAN WG1 #112bis-e			R1-2303102
e-Meeting, April 17th – April 26th, 2023
[bookmark: Source]Agenda item:	7.1 
Source:	Samsung
Title:	Discussion on Type-1 HARQ-ACK codebook with a new RRC parameter indicating receiving up to one PDSCH per slot
Document for:	Discussion and decision
1 Introduction
The issue for Type-1 HARQ-ACK CB with more than one PDSCH per slot was discussed in RAN1#112 meeting [1] and the following conclusion was made [2].
	Companies to check the following proposal for possible agreement in RAN1#112bis-e:
Support to introduce one RRC parameter in Rel-17 related to the condition of “receiving more than one unicast PDSCH per slot” in Type1 HARQ-ACK CB generation.
· A UE capability is introduced which indicates UE supports receiving this new RRC parameter.
· The new RRC parameter if configured, is per CC:
· If the new RRC parameter is not configured, the legacy text in 38.213 Section 9.1.2.1 applies
· If the new RRC parameter is configured and indicates no possibility of receiving more than one PDSCH per slot, the procedures of the “if” condition in 38.213 Section 9.1.2.1 are applicable for Type1 HARQ-ACK CB generation.
· If the new RRC parameter is configured and indicates the possibility of receiving more than one PDSCH per slot, the procedures of the “else” condition in 38.213 Section 9.1.2.1 are applicable for Type1 HARQ-ACK CB generation.
Sent an LS to RAN2 for introducing the new RRC parameter and new UE capability in Rel-17.
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This contribution discusses the related issues of the proposal.
2 Discussion
According to the spec below, Type-1 HARQ-ACK codebook is determined based on the TDRA tables for the active DL BWP, if a new parameter is to be introduce to indicate whether to receive up to one PDSCH per slot, the new parameter should be configured per DL BWP instead of per CC to provide better flexibility. For example, if the SCS of the BWP is large, the new parameter can indicate receive up to one PDSCH per slot, and if the SCS of the BWP is small, the new parameter can indicate receive one or more PDSCHs per slot.
	[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407][bookmark: _Toc29894840][bookmark: _Toc29899139][bookmark: _Toc29899557][bookmark: _Toc29917294][bookmark: _Toc36498168][bookmark: _Toc45699194][bookmark: _Toc130394875]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell , an active DL BWP, and an active UL BWP, as described in clause 12, the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot . If serving cell  is deactivated, the UE uses as the active DL BWP for determining the set of  occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
a) on a set of slot timing values  associated with the active UL BWP on the primary cell or, if the PUCCH transmission is indicated by a DCI format to be on the PUCCH-sSCell as described in clause 9A, on a set of slot timing values  associated with the active UL BWP on the PUCCH-sSCell
…
b)	on a set of row indexes  of a table that is associated with the active DL BWP and defining respective sets of slot offsets , start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214], where the row indexes  of the table are provided by 
…
c)	on the ratio  between the downlink SCS configuration  and the uplink SCS configuration  provided by subcarrierSpacing in BWP-Downlink and BWP-Uplink for the active DL BWP and the active UL BWP, respectively
d)	if provided, on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated as described in clause 11.1 
e)	if ca-SlotOffset is provided, on and  provided by ca-SlotOffset for serving cell , or on  and  provided by ca-SlotOffset for the primary cell, as described in [4, TS 38.211].




Observation 1: If a new RRC parameter is introduced to indicate the number of PDSCHs per slot is up to one, restricting configuring the new RRC parameter per DL BWP can provide better flexibility compared with configuring the new RRC parameter per CC.
The discussion in RAN1#112 did not clarify whether the HARQ-ACK of the PDSCHs are in a same or different PUCCHs. For example, if it is restricted that if the new RRC parameter is configured, UE can receive up to one PDSCH per slot with HARQ-ACK in a same PUCCH, there is up to 1 candidate PDSCH reception occasion in a slot for  determination but UE can still be scheduled with two PDSCHs with HARQ-ACK in different slots if the UE indicates the capability of receiving more than one PDSCH in a slot. The scheduling flexibility can be increased without increasing the size of HARQ-ACK codebook. Whether to schedule more than one PDSCH in a slot can up to gNB.
Observation 2: If a new RRC parameter is introduced to indicate the number of PDSCHs per slot is up to one, restricting the HARQ-ACK for the PDSCHs in a same slot can provide better flexibility compared with not restricting the HARQ-ACK for the PDSCHs in a same slot.
If the new parameter is provided, it is possible that there is no valid PDSCH candidate in the slot, for example, all the PDSCH SLIVs overlap with an UL symbol. In this case, there is no need to determine 1 candidate PDSCH reception occasion in a slot for . The current proposal may unnecessarily increase the size of Type-1 HARQ-ACK codebook.
Observation 3: If a new RRC parameter is introduced to indicate the number of PDSCHs per slot is up to one, determining one candidate PDSCH reception occasion in a slot for  can unnecessarily increase the size of Type-1 HARQ-ACK codebook.
In Rel-16 URLLC, PHY priority was introduced. For eMBB traffic scheduling, slot-based scheduling would be typical and gNB can configure the new parameter to reduce the size of Type-1 HARQ-ACK codebook, however, for URLLC traffic, slot-based scheduling may not satisfy the latency requirement. If the new parameter is configured per BWP/CC, to ensure the traffic of URLLC, gNB may not be able to configure such parameter and would result in increased size of HARQ-ACK codebook for eMBB. On the contrary, if the parameter is configured per PHY priority, the size of HARQ-ACK codebook for eMBB can be reduced.
Observation 4: If a new RRC parameter is introduced to indicate the number of PDSCHs per slot is up to one, configuring the new RRC parameter per priority can help reduce the size of HARQ-ACK codebook.
In Rel-16 MIMO, simultaneous PDSCH receptions was introduced and Type-1 HARQ-ACK codebook is generated per coresetPoolIndex according to the specification below.
	If a UE
-	is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ackNackFeedbackMode = separate
the UE shall separately apply the procedures described in clauses 9.1 and 9.2.3 for reporting HARQ-ACK information associated with the first CORESETs on active DL BWP of the serving cells and for reporting HARQ-ACK information associated with the second CORESETs on active DL BWP of the serving cells, and the UE does not expect to be provided with subslotLengthForPUCCH or to be indicated by pdsch-HARQ-ACK-CodebookList to generate two HARQ-ACK codebooks on active DL BWP of the serving cells. HARQ-ACK information reporting is associated with a CORESET through a reception of a PDCCH with a DCI format triggering the reporting of the HARQ-ACK information by the UE.
…
If a UE
-	is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ackNackFeedbackMode = joint
where 
-	a serving cell is placed in a first set  of  serving cells if the serving cell includes a first CORESET, and
-	a serving cell is placed in a second set  of  serving cells if the serving cell includes a second CORESET, 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  and  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.



If the new RRC parameter is configured to indicate the number of PDSCHs per slot is up to one, UE can only receive up to one PDSCH for both coresetPoolIndex values. This brings unnecessary scheduling restrictions. Instead, the new RRC parameter can be configured to indicate that the number of PDSCHs per slot per coresetPoolIndex is up to one.
Observation 5: If a new RRC parameter is introduced to indicate the number of PDSCHs per slot is up to one, configuring the new RRC parameter brings unnecessary scheduling restrictions if simultaneous PDSCH receptions are supported.
In Rel-17 MBS, FDM based unicast and multicast PDSCH receptions are introduced. In this case, UE separately generates Type-1 HARQ-ACK codebooks for unicast PDSCHs and multicast PDSCHs. If the new RRC parameter is configured to indicate that the number of PDSCHs per slot is up to one, UE can only receive up to one unicast PDSCH or one multicast PDSCH. This also brings unnecessary scheduling restrictions. To avoid such issue, the new RRC parameter can be separately configured for unicast and multicast PDSCHs.
	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  and  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.



Observation 6: If a new RRC parameter is introduced to indicate the number of PDSCHs per slot is up to one, configuring the new RRC parameter brings unnecessary scheduling restrictions if FDM based unicast and multicast PDSCH reception is configured.
Based on the above discussion, the following proposal is made.
Proposal: Support to introduce one RRC parameter in Rel-17 related to the condition of “receiving more than one unicast PDSCH per slot” for determining the set of  occasions for candidate PDSCH receptions in Type-1 HARQ-ACK codebook generation.
· The new RRC parameter if configured, is per DL BWP per priority:
· If the new RRC parameter is not configured, the legacy text in 38.213 Section 9.1.2.1 applies
· If the new RRC parameter is configured and indicates receiving up to one PDSCH per slot per priority with HARQ-ACK in a same PUCCH and , the procedures of the “if” condition in 38.213 Section 9.1.2.1 are applicable for Type1 HARQ-ACK CB generation, otherwise, the procedures of the “else” condition in 38.213 Section 9.1.2.1 are applicable for Type1 HARQ-ACK CB generation.
· If coresetPoolIndex is configured, the new RRC parameter indicates receiving up to one PDSCH per slot per priority per coresetPoolIndex with HARQ-ACK in a same PUCCH.
· If cfr-ConfigMCCH-MTCH is configured,
· If fdmed-ReceptionMulticast is configured, the new RRC parameter is configured separately for unicast PDSCHs and multicast PDSCHs. 
· The new PRC parameter configured for unicast indicates receiving up to one unicast PDSCH per slot per priority with HARQ-ACK in a same PUCCH.
· The new PRC parameter configured for multicast indicates receiving up to one multicast PDSCH per slot per priority with HARQ-ACK in a same PUCCH.
· If fdmed-ReceptionMulticast is not configured, the new RRC parameter configured for unicast indicates receiving up to one unicast or multicast PDSCH per slot per priority with HARQ-ACK in a same PUCCH. 

3 Conclusion
The contribution discusses the issue for Type-1 HARQ-ACK CB with more than one PDSCH per slot and the observations and proposal are summarized below.
Observation 1: If a new RRC parameter is introduced to indicate the number of PDSCHs per slot is up to one, restricting configuring the new RRC parameter per DL BWP can provide better flexibility compared with configuring the new RRC parameter per CC.
Observation 2: If a new RRC parameter is introduced to indicate the number of PDSCHs per slot is up to one, restricting the HARQ-ACK for the PDSCHs in a same slot can provide better flexibility compared with not restricting the HARQ-ACK for the PDSCHs in a same slot.
Observation 3: If a new RRC parameter is introduced to indicate the number of PDSCHs per slot is up to one, determining one candidate PDSCH reception occasion in a slot for  can unnecessarily increase the size of Type-1 HARQ-ACK codebook.
Observation 4: If a new RRC parameter is introduced to indicate the number of PDSCHs per slot is up to one, configuring the new RRC parameter per priority can help reduce the size of HARQ-ACK codebook.
Observation 5: If a new RRC parameter is introduced to indicate the number of PDSCHs per slot is up to one, configuring the new RRC parameter brings unnecessary scheduling restrictions if simultaneous PDSCH receptions are supported.
Observation 6: If a new RRC parameter is introduced to indicate the number of PDSCHs per slot is up to one, configuring the new RRC parameter brings unnecessary scheduling restrictions if FDM based unicast and multicast PDSCH reception is configured.
Proposal: Support to introduce one RRC parameter in Rel-17 related to the condition of “receiving more than one unicast PDSCH per slot” for determining the set of  occasions for candidate PDSCH receptions in Type-1 HARQ-ACK codebook generation.
· The new RRC parameter if configured, is per DL BWP per priority:
· If the new RRC parameter is not configured, the legacy text in 38.213 Section 9.1.2.1 applies
· If the new RRC parameter is configured and indicates receiving up to one PDSCH per slot per priority with HARQ-ACK in a same PUCCH and , the procedures of the “if” condition in 38.213 Section 9.1.2.1 are applicable for Type1 HARQ-ACK CB generation, otherwise, the procedures of the “else” condition in 38.213 Section 9.1.2.1 are applicable for Type1 HARQ-ACK CB generation.
· If coresetPoolIndex is configured, the new RRC parameter indicates receiving up to one PDSCH per slot per priority per coresetPoolIndex with HARQ-ACK in a same PUCCH.
· If cfr-ConfigMCCH-MTCH is configured,
· If fdmed-ReceptionMulticast is configured, the new RRC parameter is configured separately for unicast PDSCHs and multicast PDSCHs. 
· The new PRC parameter configured for unicast indicates receiving up to one unicast PDSCH per slot per priority with HARQ-ACK in a same PUCCH.
· The new PRC parameter configured for multicast indicates receiving up to one multicast PDSCH per slot per priority with HARQ-ACK in a same PUCCH.
· If fdmed-ReceptionMulticast is not configured, the new RRC parameter configured for unicast indicates receiving up to one unicast or multicast PDSCH per slot per priority with HARQ-ACK in a same PUCCH. 
1 
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