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Introduction
Based on the SI [1] [2], an updated WID was agreed to in RAN #90-e with the following objectives [3]:
· [bookmark: _Hlk26996217][bookmark: _Hlk58594267]Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
In this contribution, we address scheduling w.r.t. multi-PDSCH/PUSCH with a single DCI and the corresponding HARQ enhancements needed. 
Multi-PDSCH/PUSCH transmission with a single DCI
In the WI for NR operation between 52.6 GHz and 71 GHz, a multi-slot framework for PDCCH monitoring to limit the overall PDCCH decoding complexity is under discussion. This requires that RAN1 consider increasing the minimum time domain scheduling unit and enable scheduling over this larger unit. To reduce the control signaling overhead within the larger scheduling unit, the WID proposes enhancements for multi-PDSCH/PUSCH scheduling support with a single DCI and corresponding HARQ enhancements to support this.  

In RAN1 104-e and RAN1 #104b-e, agreements were made on the design of multi-PDSCH and multi-PUSCH transmission with a single DCI. These agreements can be found in the Appendix (Section 6). 

Multi-PUSCH Transmission

For multi-PUSCH transmission with a single DCI, it has been agreed that (a) Rel-17 multi- PUSCH transmission should start with Rel-16 multi-PUSCH transmission as baseline (b) multi-PUSCH can be non-continuous in the time domain (c) up to 8 PUSCHs can be scheduled and (d) multi-PUSCH transmission applies to 120 kHz, 480 kHz and 960 kHz SCS (see Section 6). To complete the design, the following enhancements should be considered: 

a) Maximum number of PUSCHs scheduled: The maximum number of PUSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities. 
b) CBG Support and CBGTI signaling: Given that CBG (re)transmission is already supported when more than one PUSCH is scheduled for any SCS, extending this to the multi-PUSCH scenario is straightforward. However, for 480 kHz and 960 kHz transmissions, with the agreement that a PUSCH transmission is limited within a slot, the PUSCH duration is short enough that the benefit of CBG based (re)transmission is not clear.  A clear use case should be made for its adoption. The associated signaling of the CBGTI field can be decided once a decision on CBG support has been made.
c) CSI-request: The same rule as Rel-16 NR-U should be applied i.e., when a DCI schedules M PUSCHs, the PUSCH that carries the AP-CSI feedback is M-th scheduled PUSCH for M <= 2, or (M-1)-th scheduled PUSCH for M > 2.
d) FDRA: enhance FDRA by increasing the RBG size or changing the allocation granularity.
a. As there may be a limited number of UEs per beam due to the narrow beams in this frequency band, there may be a need to increase the FDRA granularity to allow larger frequency allocations to each UE. For UL Resource Allocation Type 0, this can be done by increasing the RBG sizes above the current limit of 16. For Resource Allocation Type 1, this can be done by modifying the Resource Indicator Value to use a minimum number of allocated RBs and conceptually change the resolution. 
b. In addition, the FDRA bit may be disabled to allow allocation to a single UE especially in the downlink. 
e) Frequency Hopping: inter-slot frequency hopping should be specified for all SCSs while intra-slot frequency hopping should not be supported. The use case for intra-slot frequency hopping needs to be clarified for 480 kHz and 960 kHz given the short duration of each slot.
f) URLLC priority: URLLC priority can be applied to multi-PUSCH transmission. However, to incorporate URLLC priority, a single URLLC priority should be assigned for the multiple PUSCH transmissions in a single DCI.

Signaling for multi-PUSCH transmission depends on whether a single parameter is sufficient for all the PUSCH transmissions (per DCI) or each transmission needs a separate value (per PUSCH). This is discussed in the table below:

	Parameter
	
	Per DCI or Per PUSCH
	Comment

	FDRA
	
	Per DCI
	Additional flexibility can be obtained using frequency hopping rather than having a separate FDRA per PUSCH.

	TDRA
	K2
	Per PUSCH
	Given agreement on non-continuous PUSCH, separate values of K2 are needed per PUSCH. To reduce overhead, the values of K2 in a TDRA row may be set relative to the previous PUSCH.

	
	S,L
	Per PUSCH
	Baseline R16 multi-PUSCH

	
	Mapping Type
	Per PUSCH
	Baseline R16 multi-PUSCH

	MCS
	
	Per DCI
	Baseline R16 multi-PUSCH

	NDI, RV
	
	Per PUSCH
	Baseline R16 multi-PUSCH

	HARQ Process Number
	
	Per DCI and incremented by 1 for subsequent PUSCHs (with modulo operation, if needed)
	Baseline R16 multi-PUSCH

	Uplink TDAI
	
	FFS
	Need decision on HARQ-ACK codebook.

	CBGTI
	
	FFS
	Need decision on CBG support




Proposal 1: For Rel-17 multi-PUSCH transmission
· The maximum number of PUSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities. 
· A clear use case should be made for CBG support for multi-PUSCH transmission.
· Re-use the CSI-request mechanism in Rel-16 NR-U
· The FDRA size should be optimized to reduce the FDRA overhead. 
· Support inter-slot frequency hopping and NOT intra-slot frequency hopping for 480 kHz and 960 kHz
· a single URLLC priority should be assigned to a single DCI

Proposal 2: For multi-PUSCH scheduling with a single DCI the following fields are signaled: 
· Per DCI: FDRA, MCS, HARQ_process_number
· Per PUSCH: TDRA-K2, TDRA-(S,L), TDRA-Mapping_type, NDI, RV
· FFS: Uplink TDAI

Multi-PDSCH Transmission

For multi-PDSCH transmission with a single DCI, it has been agreed that (a) Rel-17 multi- PUSCH transmission should start with  Rel-16 multi-PUSCH transmission as baseline (b) multi-PDSCH can be non-continuous in the time domain (c) up to 8 PDSCHs can be scheduled and (d) multi-PUSCH transmission applies to 480 kHz and 960 kHz SCS only, while 120 kHz is FFS (see Section 6). To complete the design, the following enhancements should be considered: 

a) Applicability to 120 kHz: Multiple PDSCH scheduling applies to 120 kHz SCS in addition to 480 and 960 kHz SCS
b) Maximum number of PDSCHs scheduled: The maximum number of PDSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities.
c) CBG Support and CBGTI/CBGFI signaling: As discussed for multi-PUSCH transmission, this is not absolutely needed and if enabled should be optional. The associated signaling of the CBGTI/CBGFI fields can be decided once a decision on CBG support has been made.
d) FRDA: similar to the multi-PUSCH discussion. 
e) Frequency hopping: similar to the multi-PUSCH discussion.
f) URLLC: similar to the multi-PUSCH discussion.
g) HARQ associated parameters: The following parameters need to be signaled, 
a. MCS1/2, NDI 1/2, RV 1/2, HARQ process number, TDAI, c-DAI, PRI, and K1 
i. Additional signaling is needed for the second codeword compared with uplink which is single codeword transmission.
ii. New signaling may be needed for PRI, K1, priority, c-DAI, TDAI,  CBGTI and CBGFI to support HARQ compared with multi-PUSCH transmission. 

Signaling for multi-PDSCH transmission depends on whether a single parameter is sufficient for all the PDSCH transmissions (per DCI) or each transmission needs a separate value (per PDSCH). This is discussed in the table below:

	Parameter
	
	Per DCI or Per PDSCH
	Comment

	FDRA
	
	Per DCI
	Additional flexibility in the frequency domain can be obtained using frequency hopping rather than having a separate FDRA per PDSCH.

	TDRA
	Slot offset, K0
	Per PDSCH
	Given agreement on non-continuous PUSCH, separate values of K0 are needed per PUSCH. To reduce overhead, the values of K0 in a TDRA row may be set relative to the previous PDSCH..

	
	S,L
	Per PDSCH
	Similar to multi-PUSCH

	
	Mapping Type
	Per PDSCH
	Similar to multi-PUSCH

	MCS for 1st TB
	
	Per DCI
	Agreement RAN1 #104b-e

	NDI, RV for 1st TB
	
	Per PDSCH
	Agreement RAN1 #104b-e

	MCS for 2nd  TB
	
	Per DCI
	Scheduling of 2nd TB for each PDSCH can be supported based on a UE capability.

	NDI, RV for 2nd  TB
	
	Per PDSCH
	Scheduling of 2nd TB for each PDSCH can be supported based on a UE capability.

	HARQ Process Number
	
	Per DCI and incremented by 1 for subsequent PDSCHs (with modulo operation, if needed)
	Agreement RAN1 #104b-e

	PRB bundling size
	
	Per DCI
	

	Rate matching indicator
	
	Per PDSCH
	

	ZP CSI-RS trigger
	
	Per PDSCH
	

	CBGTI/CBGFI
	
	FFS
	Need decision on CBG support

	K1, PRI
	
	FFS
	Need decision on if single or multiple PUCCH allowed per multi-PDSCH transmission.

	c-DAI, T-DAI
	
	FFS
	Need decision on HARQ-ACK codebook and interaction with COT in unlicensed channel access.




Note that given that the transmission is based on a configured TDRA over multiple slots, the gNB may need to make a change mid-transmission. RAN1 should decide if interruption is allowed and if allowed, the UE behavior needs to be specified. 

Proposal 3: For multi-PDSCH transmission support transmission of a second codeword and its associated signaling.

Proposal 4: For Rel-17 multi-PDSCH transmission
· Multiple PDSCH scheduling applies to 120 kHz SCS in addition to 480 and 960 kHz SCS
· The maximum number of PDSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities. 
· A clear use case should be made for CBG support for multi-PDSCH transmission.
· The FDRA size should be optimized to reduce the FDRA overhead. 
· Support inter-slot frequency hopping and NOT intra-slot frequency hopping for 480 kHz  and 960 kHz
· a single URLLC priority should be assigned to a single DCI
· New signaling may be needed for the PRI, K1, priority, DAI, CBGTI and CBGFI fields to support HARQ compared with multi-PUSCH transmission. 

Proposal 5: For multi-PDSCH scheduling with a single DCI the following fields are signaled: 
· Per DCI: FDRA, 1st MCS, 2nd MCS, HARQ_process_number, and PRB bundling size
· Per PUSCH: TDRA-K0, TDRA-(S,L), TDRA-Mapping_type, 1st NDI, 1st RV, 2nd NDI, 2nd RV, rate matching indicator, and ZP CSI-RS trigger
· FFS: c-DAI, Downlink T-DAI, CGBTI/CBGFI, K1, and PRI.

HARQ Feedback
Rel-15 HARQ is defined per slot, while Rel-16 HARQ is defined per sub-slot. To support multi-slot PDCCH monitoring, multi-slot scheduling and multi-PDSCH transmission in Rel-17, the HARQ operation needs to be reviewed. 


Multiple PUCCHs and COT transmission
One FFS is related to whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s). Allowing multiple PUCCHs per multi-PDSCH transmission may increase the signaling overhead to enable identification of the different PUCCHs, may increase the complexity with which the PUCCH resources are selected but may reduce latency. However, the issue of whether a single PUCCH should be scheduled per multi-PDSCH transmission may be determined by channel access in an unlicensed band. 

RAN1 needs to decide whether a multi-PxSCH transmission can occur across multiple COTs and the specify the UE behavior in the case that one or more of the transmissions occurs outside a valid COT. If cross-COT multi-PDSCH scheduling occurs, RAN1 needs to decide whether the HARQ feedback for all the transmissions occurs in one PUCCH at the end of the transmissions or it occurs separately per COT. 

Three different scenarios are shown in the Figures below:  
· Single HARQ-ACK feedback for Multi-PDSCH transmissions within a single COT. 
· Single HARQ-ACK feedback for Multi-PDSCH transmissions across multiple COTs
· Per COT HARQ-ACK feedback for Multi-PDSCH transmissions across multiple COTs
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Figure 1: Single HARQ-ACK feedback for Multi-PDSCH transmissions within a  single COT. 
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Figure 2: Single HARQ-ACK feedback for Multi-PDSCH transmissions across multiple COTs
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Figure 3: Per COT HARQ-ACK feedback for Multi-PDSCH transmissions across multiple COTs
Ideally, to limit signaling overhead and reduce UE complexity, the UE should not expect a multi-PDSCH transmission to occur across COTs and should not support HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI being carried by different PUCCH(s).

Observation 1: HARQ-ACK information corresponding to different PDSCHs scheduled by a single DCI carried by different PUCCHs affects the UE complexity, signaling overhead and transmission latency but may be affected by channel access within or across COTs.

Proposal 6: RAN1 should decide whether a multi-PxSCH transmission can occur across multiple COTs and the specify the UE HARQ-ACK feedback behavior in the case that one or more of the PDSCH transmissions occurs outside a valid COT.

Proposal 7: RAN1 should support a single HARQ-ACK feedback for Multi-PDSCH transmissions within a single COT only. 



Type-1 Codebook for multi-PDSCH Transmission
In RAN1 #104b-e, it was agreed to enhance the Type=1 codebook for multi-PDSCH transmission, with three options to be considered (Section 6). 

· Option 1: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table and based on extension of K1 set
· Option 1a: The set of candidate PDSCH reception occasions are determined according to each SLIV of each row in the TDRA table
· Option 2: The set of candidate PDSCH reception occasions is determined according to the last SLIV of each row in the TDRA table

In option 1, the following procedure may be followed [6][8]:
· Step 1: For each K1 value in the configured set of K1 values, determine the candidate PDSCH reception occasions for every row r in the TDRA table. Each row r in the TDRA table schedules one or multiple PDSCHs. The corresponding set of candidate PDSCH reception occasions are identified by placing the last PDSCH in slot (nU - K1), where nU is the slot number for the HARQ ACK codebook transmission, so that the HARQ ACK bits for the PDSCH(s) scheduled by row r can be multiplexed in the HARQ ACK codebook transmitted in slot nU. For each K1, create a set from the union of candidate PDSCH reception occasions over all rows of the TDRA table.
· Step 2: Merge all sets corresponding to the different K1 values together, keeping only unique candidate PDSCH reception occasions. 
· Step 3: Generate HARQ ACK bits for the set of unique (pruned) candidate PDSCH reception occasions generated in Step 2. The HARQ-ACK information bits in response to the candidate PDSCH reception occasions are ordered in according to ascending slot indices.

In Option 2, the following procedure may be followed [7]:
· Step 1: For the configured set of K1 values determine the HARQ-ACK window.
· Step 2: Determine the PDSCH candidate reception occasions in HARQ-ACK window. Determination of PDSCH candidate reception occasions is based on the last SLIV of each TDRA row only.
· Step 3: Generate HARQ-ACK information for each PDSCH candidate reception occasion. HARQ-ACK information of all PDSCHs scheduled by one DCI will be mapped to the PDSCH candidate reception occasion corresponding to the SLIV of the last scheduled PDSCH. The number of HARQ-ACK bits (or reserved PDSCHs) for one PDSCH candidate occasion can be determined by
· Option 2-A: maximum number of PDSCHs that can be scheduled by one DCI or,
· Option 2-B: TDRA configuration (e.g., how many SLIVs are configured in the TDRA row with the last SLIV corresponding to the PDSCH candidate occasion). 

For option 1, the extension of the K1-set is based on the maximum number of slots that can be scheduled (or the maximum number of slots in the configured TRDA table) and the configured K1 set. The unique candidate PDSCH reception occasions that result from merging all the K1 sets will result in a smaller codebook that option 2 in which each PSDCH candidate occasion generates (a) the maximum number of PDSCHs that can be scheduled by one DCI or (b) how many SLIVs are configured in the TDRA row whose last SLIV is corresponding to the PDSCH candidate occasion.

We illustrate this by constructing HARQ-ACK codebooks for the two options in the following example in which we have a 6 row TDRA table with a maximum of 6 SLIVs per row and a configured K1 set = {1,2} (note that in this example the TRDA table is constructed so that the gap between PDSCHs may be greater than a slot): 
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Option 1 extends the K1 set to K1 = {1,2,3,4,5,6,7} and results in a codebook size of 14 bits as shown below (Note that the use of the colored slots indicates that the PDSCH transmissions are used in the construction of the codebook):
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Option 2 keeps the K1 = {1,2} and results in a codebook size of 24 bits for Option 2-A and 20 bits for Option 2-B  (Note that the use of the greyed-out slots indicates that the PDSCH transmissions are NOT used in the construction of the codebook): 
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From the example, Option 1 results in a codebook of size 14 bits versus 20/24 bits for option 2..

Observation 2: The use of Option 1 to construct the semi-static HARQ-ACK codebook results in a smaller codebook size than Option 2.

Proposal 8: For enhancement of the semi-static HARQ-ACK codebook for multi-PDSCH transmission, the set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table and based on extension of K1 set.

Type-2 Codebook for multi-PDSCH Transmission
One more FFS aspects related to HARQ-ACK feedback for multi-PDSCH transmission is how to generate Type-2 HARQ-ACK codebook. The HARQ-ACK codebook size and HARQ-ACK bits ordering in a Type-2 HARQ-ACK codebook are determined based on T-DAI field and C-DAI field, respectively. Mis-detection of the scheduling DCI(s) may result in HARQ-ACK codebook size misalignment between the gNB and UE.  

In the RAN1 #104-e meeting, different alternatives to DAI counting were extensively discussed, including counting per scheduling DCI (Alt.1), per single scheduled PDSCH (Alt.2), or per ‘M’ scheduled PDSCHs with M being configurable (Alt.3). The characteristics of the different alternatives were discussed and concluded on in RAN1 #104b-e. In addition, the number of addressable PDSCHs has been agreed as up to eight.   

In Rel-15/16, the C-DAI and T-DAI field size is 2 bits for each and the HARQ-ACK numbering is wrapped around by modulo four. Keeping a 2-bit C-DAI/T-DAI field size and re-defining the Type-2 codebook construction as Alt.2, i.e., counting per a single scheduled PDSCH, would result in misaligned codebook sizes between the gNB and UE. To achieve the same level of robustness for Type-2 HARQ-ACK feedback, the size of C-DAI/T_DAI IE has to be increased accordingly. For example, the size for each field of C-DAI/T-DAI needs to be increased from 2 to 5 bits assuming up to 8 PDSCHs can be scheduled with multi-PDSCH scheduling operation, which requires 10 bits in total.    

On the other hand, Alt.3 reuses the Rel-15/16 definition and functionalities of C-DAI/T-DAI field, which avoids increasing DCI overhead and minimizes the standardization effort. To mitigate the HARQ-ACK codebook size misalignment between gNB and UE, similar to CBG-based HARQ-ACK codebook determination, the UE may generate ‘M’ HARQ-ACK bits for each multi-PDSCH scheduling, appending ‘NACK’s to the end of HARQ-ACK sequences if the number of PDSCHs within a multi-PDSCH is smaller than ‘M’ bits. The ACK-NAK bit number is equivalent to Alt. 1. 

To control the HARQ-ACK bits payload size, the ‘M’ value of the HARQ-ACK bits can be smaller than the maximum number of PDSCHs in a multi-PDSCH, which effectively enables a HARQ-ACK time-domain bundling operation. As one example, M = 4 when the maximum number of PDSCHs equals to 8. The ‘M’ HARQ-ACK bits can be generated by evenly grouping  PDSCHs into ‘M’ subgroups with each consisting of   or   PDSCH. Then, HARQ-ACK bundling is conducted within each subgroup. 
 
[image: Timeline

Description automatically generated with medium confidence]
Figure 2: HARQ-ACK bits determination for multi-PDSCH scheduling with Alt.2 and Alt.3 

Figure 2 provides one example of HARQ-ACK codebook size determination, assuming a given UE is configured with 6 CCs. In addition, the number of actually scheduled PDSCHs in multi-PDSCHs on different CCs was assumed to be varied as: 8 PDSCHs on CC#0, 3 PDSCHs on CC#2, 6 PDSCHs on CC4, 4 PDSCHs on CC#4, no PDSCH scheduled on CC#1 and CC#3. Furthermore, M =4 is configured by RRC to tradeoff between UL HARQ-ACK overhead and PDSCH retransmission efficiency. With Alt.3, UE generates four HARQ-ACK bits per CC as follows:

· CC#0: referring to FIG.2, 4 sub-groups were determined to perform HARQ-ACK bundling operation within each sub-group to generate 4 HARQ-ACK bits. Assuming UE fails decoding PDSCH #6 and others were successfully decoded, <ACK, ACK, NACK, ACK> would be generated for this CC. 
· CC#2: The total number of scheduled PDSCH is smaller than ‘M=4’. With Alt.3, one ‘NACK’ would be appended to the end of <ACK, ACK, NACK>. 
· Similarly, <ACK, ACK, ACK, NACK> and <ACK, ACK, ACK, ACK > were generated for PDSCHs on CC#4 and CC#5, respectively. 

We therefore propose the following to support Type-2 HARQ-ACK codebook for multi-PDSCH operation:   

Proposal 9: Reusing the existing C-DAI and T-DAI definition in Rel-15/6, i.e., counting per DCI. 

Proposal 10: Introduce signaling mechanism to enable generating a HARQ-ACK bit per ‘M’ scheduled PDSCHs in a multi-PDSCH scheduling by performing HARQ-ACK bundling to compress the HARQ-ACK bits overhead. 

Conclusion
In this contribution, we have the following observations and conclusions:

Proposal 1: For Rel-17 multi-PUSCH transmission
· The maximum number of PUSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities. 
· A clear use case should be made for CBG support for multi-PUSCH transmission.
· Re-use the CSI-request mechanism in Rel-16 NR-U
· The FDRA size should be optimized to reduce the FDRA overhead. 
· Support inter-slot frequency hopping and NOT intra-slot frequency hopping for 480 kHz and 960 kHz
· a single URLLC priority should be assigned to a single DCI

Proposal 2: For multi-PUSCH scheduling with a single DCI the following fields are signaled: 
· Per DCI: FDRA, MCS, HARQ_process_number
· Per PUSCH: TDRA-K2, TDRA-(S,L), TDRA-Mapping_type, NDI, RV
· FFS: Uplink TDAI

Proposal 3: For multi-PDSCH transmission support transmission of a second codeword and its associated signaling.

Proposal 4: For Rel-17 multi-PDSCH transmission
· Multiple PDSCH scheduling applies to 120 kHz SCS in addition to 480 and 960 kHz SCS
· The maximum number of PDSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities. 
· A clear use case should be made for CBG support for multi-PDSCH transmission.
· The FDRA size should be optimized to reduce the FDRA overhead. 
· Support inter-slot frequency hopping and NOT intra-slot frequency hopping for 480 kHz  and 960 kHz
· a single URLLC priority should be assigned to a single DCI
· New signaling may be needed for the PRI, K1, priority, DAI, CBGTI and CBGFI fields to support HARQ compared with multi-PUSCH transmission. 

Proposal 5: For multi-PDSCH scheduling with a single DCI the following fields are signaled: 
· Per DCI: FDRA, 1st MCS, 2nd MCS, HARQ_process_number, and PRB bundling size
· Per PUSCH: TDRA-K0, TDRA-(S,L), TDRA-Mapping_type, 1st NDI, 1st RV, 2nd NDI, 2nd RV, rate matching indicator, and ZP CSI-RS trigger
· FFS: c-DAI, Downlink T-DAI, CGBTI/CBGFI, K1, and PRI.

Observation 1: HARQ-ACK information corresponding to different PDSCHs scheduled by a single DCI carried by different PUCCHs affects the UE complexity, signaling overhead and transmission latency but may be affected by channel access within or across COTs.

Proposal 6: RAN1 should decide whether a multi-PxSCH transmission can occur across multiple COTs and the specify the UE HARQ-ACK feedback behavior in the case that one or more of the PDSCH transmissions occurs outside a valid COT.

Proposal 7: RAN1 should support a single HARQ-ACK feedback for Multi-PDSCH transmissions within a single COT only. 

Observation 2: The use of Option 1 to construct the semi-static HARQ-ACK codebook results in a smaller codebook size than Option 2.

Proposal 8: For enhancement of the semi-static HARQ-ACK codebook for multi-PDSCH transmission, the set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table and based on extension of K1 set.

Proposal 9: Reusing the existing C-DAI and T-DAI definition in Rel-15/6, i.e., counting per DCI. 

Proposal 10: Introduce signaling mechanism to enable generating a HARQ-ACK bit per ‘M’ scheduled PDSCHs in a multi-PDSCH scheduling by performing HARQ-ACK bundling to compress the HARQ-ACK bits overhead. 
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Multi-PxSCH agreements 

In RAN1 #104-e, the following agreements were made on multi-PxSCH transmission [4]:

	Agreement:
The multi-PUSCH scheduling defined in Rel-16 NR-U is the baseline for multi-PUSCH scheduling in Rel-17.
· FFS: Applicability to multi-PDSCH scheduling. 

Agreement:
· For a UE and for a serving cell, scheduling multiple PDSCHs by single DL DCI and scheduling multiple PUSCHs by single UL DCI are supported.
· Each PDSCH or PUSCH has individual/separate TB(s) and each PDSCH/PUSCH is confined within a slot.
· FFS: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI
· FFS: Whether multiple PDSCH scheduling applies to 120 kHz in addition to 480 and 960 kHz
· At least for 120 kHz SCS, single-slot scheduling with slot-based monitoring will still be supported as specified in Rel-15/Rel-16


Agreement:
· For the multi-PUSCH scheduling in Rel-17, study the enhancement of the following in addition to Rel-16 multi-PUSCH scheduling.
· CBGTI: Whether CBG (re)transmission is supported when more than one PUSCHs are scheduled (Already supported when only one PUSCH is scheduled).
· CSI-request: Whether to apply same or different rule compared to Rel-16 (e.g., the PUSCH that carries the AP-CSI feedback is the first PUSCH that satisfies the multiplexing timeline).
· TDRA: Down-select among
· Alt 1: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signaled by the number of indicated valid SLIVs in the row of the TDRA table signaled in DCI.
· Alt 2: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signaled by the number of indicated valid SLIVs in the row of the TDRA table signaled in DCI.
· Alt 3: TDRA table is extended such that each row indicates up to 8 multiple PUSCH groups (that can be non-continuous between PUSCH groups). Each PUSCH group has a separate SLIV, mapping type and number of slots/PUSCHs N. Within each PUSCH group, N PUSCHs occupy the same OFDM symbols indicated by the SLIV and mapping type. The number of scheduled PUSCHs is the sum of number of PUSCHs in all PUSCH groups in the row of the TDRA table signaled in DCI.
· FDRA: Whether/how to enhance FDRA e.g., by increasing RBG size or changing allocation granularity
· Frequency hopping: Whether/how to support frequency hopping for scheduled PUSCHs, e.g., inter-PUSCH/intra-PUSCH hopping
· URLLC related fields such as priority indicator and open-loop power control parameter set indication: Whether/how to apply URLLC related fields for scheduled PUSCHs
· Applicability to multi-PDSCH scheduling in Rel-17. 
· Note: Other enhancements are not precluded.




In RAN1 #104b-e, the following agreements were made on multi-PxSCH transmission [5]:

	Agreement:
· The maximum number of PDSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 480 and 960 kHz.
· FFS: Further restrictions for 480 kHz to 4
· FFS: A UE capability to select between 4 and 8 for 480 kHz SCS
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.
· The maximum number of PUSCHs that can be scheduled with a single DCI in Rel-17 is 8.
· FFS: Further restrictions for 120 kHz and 480 kHz SCS
· FFS: A UE capability to select between different values for 120 kHz and 480 kHz SCS
Agreement:
For a DCI that can schedule multiple PDSCHs,
· MCS for the 1st TB: This appears only once in the DCI and applies commonly to the first TB of each PDSCH
· NDI for the 1st TB: This is signaled per PDSCH and applies to the first TB of each PDSCH
· RV for the 1st TB: This is signaled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the first TB of each PDSCH
· HARQ process number: This applies to the first scheduled PDSCH and is incremented by 1 for subsequent PDSCHs (with modulo operation, if needed)
· FFS:
· MCS/NDI/RV for the 2nd TB for each PDSCH, including whether scheduling of the 2nd TB for each PDSCH can be supported or not
· Details of resource allocation related fields such as VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger
· Whether/how to signal CBGFI/CBGTI if CBGFI/CBGTI is supported for multi-PDSCH scheduling
· Details of fields that are common with multi-PUSCH scheduling, e.g., TDRA, FDRA, priority indicator, including potential enhancements


Agreement:
· For a DCI that can schedule multiple PUSCHs,
· TDRA: Alt 2 (TDRA table is extended such that each row indicates up to 8 multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.), as per agreement made in RAN1#104-e
· FFS: signaling details
· Note: Alt 2 does not preclude continuous resource allocation in time-domain.
· For a DCI that can schedule multiple PDSCHs,
· TDRA: TDRA table is extended such that each row indicates up to 8 multiple PDSCHs (that can be non-continuous in time-domain). Each PDSCH has a separate SLIV and mapping type. The number of scheduled PDSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: signaling details
· Note: This does not preclude continuous resource allocation in time-domain.
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.





Semi-Static (Type -1) HARQ-ACK Codebook Agreements
In RAN1 #104b-e, the following agreements were made [5]:


	




Dynamic (Type-2) HARQ-ACK Codebook Agreements
In RAN1 #104-e, the following agreements were made [4]:
	Agreement:
· For a DCI scheduling multiple PDSCHs, HARQ-ACK information corresponding to PDSCHs scheduled by the DCI is multiplexed with a single PUCCH in a slot that is determined based on K1,
· where K1 (indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI) indicates the slot offset between the slot of the last PDSCH scheduled by the DCI and the slot carrying the HARQ-ACK information corresponding to the scheduled PDSCHs.
· It is noted that granularity of K1 can be separately discussed.
· FFS: If needed, further discuss whether HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s)

Agreement:
For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following alternatives can be considered to DAI counting and will be down-selected in RAN1#104bis-e.
· Alt 1: C-DAI/T-DAI is counted per DCI.
· Alt 2: C-DAI/T-DAI is counted per PDSCH.
· Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable (e.g., 1, 2, 4, …).
· FFS: Codebook generation details
· FFS: How to signal DAI values (e.g., increase of DAI bits for Alt 2 and Alt 3)
· FFS: Whether to apply time domain bundling of HARQ-ACK feedback



In RAN1 #104b-e, the following conclusions were agreed to [5]:
	Conclusion:
The following is observed for alternative 1 from prior agreement.
· For Alt 1 (C-DAI/T-DAI is counted per DCI) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· C-DAI/T-DAI in DL DCI: Same DAI overhead with Rel-16 single-PDSCH DCI
· T-DAI in UL DCI: 
· In case of single codebook handling feedback for both single and multi-PDSCH scheduling, same DAI overhead with Rel-16 UL DCI
· In case of separate sub-codebooks, need additional DAI field (with same bit-width of DAI with Rel-16 UL DCI), in UL DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· Note that DAI field increment for this case is similar for the case in Rel-15 where CBG is configured
· HARQ-ACK codebook generation:
· A separate sub-codebook can be generated when multi-PDSCH DCI is configured for a serving cell, similar to the way as 2nd sub-codebook is defined to handle CBG-based scheduling
· FFS: whether single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell
· FFS: how many sub-codebooks are generated when multi-PDSCH DCI is configured for a serving cell and CBG is configured for the serving cell and/or the other serving cell(s)
· HARQ-ACK payload size is increased compared to single PDSCH scheduling only, since the number of HARQ-ACK bits corresponding to each DAI of the (sub-)codebook for multi-PDSCH DCI in case of separate sub-codebooks (or for all DL DCIs in case of single codebook) depends on the maximum configured number of PDSCHs for multi-PDSCH DCI across serving cells belonging to the same PUCCH cell group.
· The number of HARQ-ACK bits for multi-PDSCH DCI in case of separate sub-codebooks, or for all DL DCIs in case of single codebook, does not depend on the number of actually scheduled PDSCHs, rather, it is fixed as the maximum configured number of PDSCHs.
· FFS: time domain bundling of HARQ-ACK feedback, as per agreement in RAN1#104-e
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH

Conclusion:
The following is observed for alternative 2 from prior agreement.
· For Alt 2a (C-DAI/T-DAI is counted per PDSCH with a single codebook) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· C-DAI/T-DAI in DL DCI: Bit-width can be increased (FFS: by how much), in DL DCI not only for multi-PDSCH DCI but also for single-PDSCH DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· T-DAI in UL DCI: Bit-width can be increased (FFS: by how much), in UL DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· C-DAI/T-DAI in DL DCI and T-DAI in UL DCI shall be designed such that at most 3 consecutive DCI missing can be resolved, same as in Rel-15/16 NR. 
· FFS: details on increment of DAI field size
· FFS: whether/how to handle the case where different DCI formats (e.g., DCI format 1_0 and DCI format 1_1) have different field sizes for C-DAI/T-DAI
· HARQ-ACK codebook generation:
· The number of HARQ-ACK bits depends on the number of scheduled PDSCHs.
· FFS: ordering of the PDSCHs for DAI counting
· FFS: time domain bundling of HARQ-ACK feedback, as per agreement in RAN1#104-e
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH

Conclusion:
The following is observed for alternative 3 from prior agreement.
· For Alt 3 (C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· If M equals to the maximum configured number of PDSCHs, Alt 3 is the same with Alt 1, if the same number of codebooks is assumed.
· Else if M equals to 1, Alt 3 is the same with Alt 2.
· Otherwise (i.e., 1<M<the maximum configured number of PDSCHs), Alt 3 is similar to Alt 2, except that
· The number of HARQ-ACK bits corresponding to each DAI increases by M times.
· NACK bits may be padded if the number of scheduled PDSCHs is not an integer multiple of M.
· FFS: details on DAI field size
· FFS: whether single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell
· In addition, new RRC parameter to configure M needs to be introduced.
Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH
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Agreement:
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple
PDSCHs, the following options can be considered,
e Option 1: The set of candidate PDSCH reception occasions is determined according to each SLIV of
each row in the TDRA table and based on extension of K1 set
e Option la: The set of candidate PDSCH reception occasions is determined according to each SLIV of
each row in the TDRA table
e Option 2: The set of candidate PDSCH reception occasions is determined according to the last SLIV of
each row in the TDRA table
e FFS: Codebook generation details, including how to handle the collision with TDD DL/UL configuration
and whether/how to extend K1 set based on K1 and slot offset between last PDSCH and other PDSCHs
in a row in the TDRA table









Agreement: 

For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple 

PDSCHs, the following options can be considered, 

•

  Option 1: The set of candidate PDSCH reception occasions is determined according to each SLIV of 

each row in the TDRA table and based on extension of K1 set 

•

  Option 1a: The set of candidate PDSCH reception occasions is determined according to each SLIV of 

each row in the TDRA table 

•

  Option 2: The set of candidate PDSCH reception occasions is determined according to the last SLIV of 

each row in the TDRA table 

•

  FFS: Codebook generation details, including how to handle the collision with TDD DL/UL configuration 

and whether/how to extend K1 set based on K1 and slot offset between last PDSCH and other PDSCHs 

in a row in the TDRA table 
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Agreement:

For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following options can be considered,

· Option 1: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table and based on extension of K1 set

· Option 1a: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table

· Option 2: The set of candidate PDSCH reception occasions is determined according to the last SLIV of each row in the TDRA table

· FFS: Codebook generation details, including how to handle the collision with TDD DL/UL configuration and whether/how to extend K1 set based on K1 and slot offset between last PDSCH and other PDSCHs in a row in the TDRA table
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