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1. [bookmark: _Ref71574297]Introduction

Up to RAN1 #105-e meeting, several aspects of multi-PDSCH have been agreed, e.g., the maximum number of PDSCHs can be scheduled by single DCI is 8, the definition of basic bit-fields to realize the functionality (K1, MCS, RV, NDI,HARQ ID). The following agreements regarding this agenda are reached up to RAN1 #105-e meeting.
	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
· The followings will not be considered in this WI.
· Single DCI to schedule both PDSCH(s) and PUSCH(s)
· Single DCI to schedule one or multiple TBs where any single TB can be mapped over multiple slots, where mapping is not by repetition
· Single DCI to schedule N TBs (N>1) where a TB can be repeated over multiple slots (or mini-slots)
· Note: This does not imply that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is precluded for the serving cell.

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 or not 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
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.

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

Agreement:
· RAN1 use the absolute time duration for 120 kHz SCS as the upper bound for the discussion of UE processing timelines (not related to PDCCH monitoring) for 480 kHz and 960 kHz SCS for NR operation in 52.6 to 71 GHz
· RAN1 strives to reduce the absolute time durations from the upper bound if feasible
· FFS: How to derive timeline values
· Case by case study
· FFS: model-based approach for selected timelines, e.g. exponential models, projection based on log-linear regression, etc.

Agreement:
· Do not use fallback DCI (i.e., DCI formats 0_0 and 1_0) for multi-PDSCH/PUSCH scheduling.
· Use DCI format 0_1 to schedule multiple PUSCHs with a single DCI.
· Use DCI format 1_1 to schedule multiple PDSCHs with a single DCI.
[bookmark: _Hlk72788144]Conclusion:
For a DCI that can schedule multiple PUSCHs,
· CSI-request: When the DCI schedules M PUSCHs, the PUSCH that carries the aperiodic CSI feedback is M-th scheduled PUSCH for M <= 2, or (M-1)-th scheduled PUSCH for M > 2.

Agreement:
· If a PDSCH among multiple PDSCHs that are scheduled by a single DCI is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE does not receive the PDSCH.
· FFS on how to handle HARQ-related issue for the PDSCH (e.g., HARQ process numbering)
· The UE does not expect to be scheduled with multiple PDSCHs by a single DCI, where every PDSCH is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.
· If a PUSCH among multiple PUSCHs that are scheduled by a single DCI is collided with downlink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE does not transmit the PUSCH.
· FFS on how to handle HARQ-related issue for the PUSCH (e.g., HARQ process numbering)
· The UE does not expect to be scheduled with multiple PUSCHs by a single DCI, where every PUSCH is collided with downlink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.


Agreement:
For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· A row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots.
· FFS: The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs
· FFS: The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH or between the first scheduled PUSCH and the last scheduled PUSCH
· FFS: Details to introduce the gap between PDSCHs or between PUSCHs

Agreement:
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the set of candidate PDSCH reception occasions corresponding to a UL slot with HARQ-ACK transmission is determined based on a set of DL slots and a set of SLIVs corresponding to each DL slot belonging to the set of DL slots.
· The set of DL slots includes all the unique DL slots that can be scheduled by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) at least include all the SLIVs that can be scheduled within the DL slot by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· FFS: details of further pruning of the set of SLIVs
· FFS: impact if receiving more than one PDSCH in a slot is allowed, e.g., handling of overlapped SLIVs from different rows in the same and different DL slot
· FFS impact of time domain bundling, if supported

Agreement:
· At least for 120 kHz SCS, for a DCI that can schedule multiple PUSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI field is not present when more than one PUSCHs are scheduled, but is present when a single PUSCH is scheduled, as in Rel-16.
· FFS:
· For 480/960 kHz SCS, whether to apply the same behavior with 120 kHz SCS or not to support CBGTI field configuration in the DCI that can schedule multiple PUSCHs
· For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, whether/how to configure CBGTI/CBGFI fields
Agreement:
If Alt 1 (C-DAI/T-DAI is counted per DCI) is adopted for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, 
· At least two sub-codebooks are generated for a PUCCH cell group where 
· The first sub-codebook is for the following cases: 
· Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing rows each with a single SLIV
· Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing at least one row with multiple SLIVs and schedules only a single PDSCH
· The second sub-codebook is for the following case: 
· Any DCI that is configured with TDRA table containing at least one row with multiple SLIVs and schedules multiple PDSCHs 
· FFS: Methods (if needed) to align the size of HARQ-ACK feedback corresponding to different DCIs
· FFS: Whether HARQ-ACK bits for 2 PDSCHs scheduled by this DCI can be included in the first sub-codebook in some cases
· FFS: SPS PDSCH release, SCell dormancy indication without scheduled PDSCH
· FFS: 2 or 3 sub-codebooks if CBG is configured for a serving cell in the PUCCH cell group
· FFS: impact of time domain bundling, if supported, e.g., the number of sub-codebooks including single codebook if all A/N bits are bundled into a single bit per DCI

Agreement:
If Alt 2 (C-DAI/T-DAI is counted per PDSCH) is adopted for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, 
· PDSCH(s) scheduled by a single DCI is counted firstly, serving cell(s) in the same PUCCH cell group and same PDCCH monitoring occasion is counted secondly, and PDCCH monitoring occasion(s) is counted thirdly.
· The bit width of counter DAI field in fallback DCI (i.e., DCI formats 0_0 and 1_0) remains the same as in Rel-15 NR.
· Note: The DAI bit width and number of sub-codebooks shall ensure that at most 3 consecutive missed DCIs can be resolved, same as in Rel-15/16 NR 
· This shall not impose additional gNB’s scheduling restriction.
· In case where CBG retransmission is not configured for any serving cell in a same PUCCH cell group, the number of bits for each of counter DAI and total DAI in non-fallback DCI is extended (if needed) at least based on 
· The number of SLIVs associated with the row indexes in TDRA table 
· FFS: details
· FFS: the case with configuration of CBG retransmission
· FFS: the number of sub-codebooks
· FFS: for the UE indicating by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a serving cell that are scheduled from a same PDCCH monitoring occasion




Our views on Type-1 and Type-2 codebook designs for multi-PDSCH and remaining discussion of multi-PDSCH scheduling features and timeline discussion are as follows.   

2. [bookmark: _Ref494794648]Type-1 codebook design
Rel-16 Type-1 codebook construction can be briefly summarized into the following steps assuming single CC scenario:

Step1: Determine candidate PDSCH occasions based on the configured K1 set and TDRA table
Step2: For each slot which contains more than one candidate PDSCH occasions, prune the candidate PDSCH occasions based on TDD configuration and UE capability on the number of PDSCH processing per slot.
Step 3: Generate the HARQ-ACK bits for each pruned candidate PDSCH occasion with the ascending order of PDSCH starting time.

In RAN1 #105-e meeting, details of Step1 listed above have been agreed and details of Step2 are FFS, i.e., the details of further pruning on the candidate PDSCH occasions and the handling of more than one PDSCH which can be overlapped in a slot. In our view, Rel-16 pruning procedure can be reused, i.e.,  the TDD configuration can be used to prune candidate PDSCH occasions within a slot. As for the HARQ codebook generation for handling of more than one PDSCH which can be overlapped in a slot after the pruning, we also don’t see any issue to reuse the same Rel-16 procedure. In particular, candidate PDSCHs occasion within a slot are grouped based on the starting time domain locations and the overlapping relation such that the maximum number of groups is achieved and any non-overlapped PDSCHs can be described by at most one of the candidate PDSCHs occasion within each group. 


[bookmark: _Ref71638034]Proposal 1: For Type-1 codebook construction, details of further pruning on the candidate PDSCH occasions and the handling of more than one PDSCH in a slot can reuse the same Rel-15/16 Type-1 codebook construction procedure based on TDD configuration and UE capability on the number of PDSCH reception per slot


3. Type-2 codebook design
Rel-16 Type-2 codebook construction can be briefly summarized into the following steps assuming same CC scheduling:

Step1: Determine the received PDSCHs which have HARQ bits to report on a PUCCH
Step2: Order the received PDSCH with the principle of frequency domain (CC ID for the received PDSCH) first and time domain (monitoring occasion starting time of the associated DCI) later.
Step3: Find the missing PDSCHs based on C-DAI/T-DAI in the received DCIs and generate the HARQ-ACK bits based on the ordering of PDSCHs.  

 An important assumption for Rel-16 Type-2 codebook construction is that one DCI can only schedule one PDSCH such that C-DAI/T-DAI information in DCIs can be used to detect the missing PDSCHs. However, this assumption is not valid when multi-PDSCH scheduling is considered and UE can only detect the missing DCIs without knowing the number of PDSCHs scheduled by the missing DCIs if we directly apply Rel-16 C-DAI/T-DAI design for Type-2 codebook  construction, which can cause codebook size misalignment between gNB and UE. 

To address the issue of detection of missing DCIs and codebook size misalignment, two principles are discussed for DAI design in RAN1: 1. DAI per DCI 2. DAI per PDSCH.

For the design principle of DAI per DCI, the assumption is to reuse the current C-DAI/T-DAI design in Rel-16 where 2 bits are considered and any up to 3 consecutive missing DCIs can be detected. On top of it, to resolve the codebook size misalignment issue, UE will report a fixed number of HARQ-ACK bits for each missing/detected DCI.  The drawback of this design is the redundancy in the codebook when the fixed number of HARQ-ACK bits for each DCI is larger than the scheduled PDSCHs. However, the codebook size can be managed by introducing CBG-like grouping among the scheduled PDSCH. In fact, this design principle is aligned with the CBG codebook design in Rel-16, where one DCI schedules a TB which consists of several CBs.

  
[bookmark: _Ref71638040]Proposal 2: For Type-2 codebook construction based on the principle of DAI per DCI, support the following PDSCH grouping and HARQ-ACK bit reporting to manage the codebook size.
· When a UE is configured with multi-PDSCH scheduling in a cell c, the scheduled PDSCHs from one DCI are grouped into  PDSCH groups based on Rel-15/16 CBG grouping principle
· , where N is the maximum number of PDSCH groups per DCI configured by network and C is the number of scheduled PDSCHs in the DCI. 
· Let 
· Each PDSCH group in the first  PDSCH groups contains  scheduled PDSCHs and each PDSCH group in the remaining PDSCH groups contains  scheduled PDSCHs. 
· UE reports one HARQ-ACK bit for each PDSCH group
· If all PDSCHs within a PDSCH group are decoded correctly, UE reports “ACK”
· Else, UE reports “NACK”
· If , UE will append  “NACK” bits after the M HARQ-ACK bits from the  TB groups to construct the codebook



For the design principle of DAI per PDSCH, missing PDSCHs can be detected by the C-DAI/T-DAI values indicated in the received DCIs. To achieve the same reliability where up to 3 consecutive DCIs are missing, the bit field of C-DAI/T-DAI should increase from the 2 bits used in Rel-16. If no further scheduling restriction or grouping PDSCH for HARQ purpose are considered, 3 consecutive DCIs can schedule up to 24 PDSCHs based on current agreements and the C-DAI/T-DAI should have bit field of length 5 in case of missing 3 consecutive DCIs and the increment of C-DAI/T-DAI bit field length will lower the reliability of DCI detection. To address the DCI payload issue, one possible approach to manage DCI size is to have some scheduling restriction like at most  PDSCHs can be scheduled by any 3 consecutive DCIs and the corresponding bit filed length will be . For example, if X=12, then the corresponding DAI bit field will be 4, which is less than the case of 24 PDSCHs are missed. On the other hand, the C-DAI-T-DAI bit field length can also be managed by restricting the maximum number  of HARQ-ACK bits corresponding to a DCI. For example, if the maximum number of HARQ-ACK bits corresponding to a DCI is , then the maximum HARQ-ACK bits corresponding to 3 consecutive missing DCIs are 12 and the corresponding DAI bit field will be 4. In this design, due to the assistance of DAI, when the number of scheduled PDSCHs  is less than X, UE only needs to report  HARQ-ACK bits instead of  HARQ-ACK bits. When the number of scheduled PDSCHs  is greater or equal to X, UE only needs to report  HARQ-ACK bits instead of  HARQ-ACK bits, which can be achieved by introducing CBG-like grouping among the scheduled PDSCH. 


[bookmark: _Ref71638046]Proposal 3: For Type-2 codebook construction based on the principle of DAI per PDSCH, consider the scheduling restriction such that at most  PDSCHs can be scheduled by any 3 consecutive DCIs.
· The corresponding bit filed length of DAI will be .

[bookmark: _Ref71638053]Proposal 4: For Type-2 codebook construction, consider the principle of DAI per HARQ-ACK bit and consider the restriction on the number of HARQ-ACK bits such that at most  HARQ-ACKs are corresponding to a DCI
· When the number of PDSCHs  scheduled by a DCI is less than , UE only needs to report  HARQ-ACK bits instead of  HARQ-ACK bits.
· When the number of PDSCHs  scheduled by a DCI is greater or equal to , UE only needs to report  HARQ-ACK bits instead of  HARQ-ACK bits
· The  HARQ-ACK bits can be generated based on Rel-16 CBG-like grouping among the scheduled PDSCH.
· DAI bit field length is 
·  can be configured by gNB

4. Multi-PDSCH scheduling design related discussion
In RAN1 #104bis-e meeting, there was one discussion point on whether the HARQ-ACK information corresponding to different PDSCHs scheduled by a DCI can be carried by different PUCCHs. In our view, when more than one PUCCH resources are considered, the codebook design should change accordingly. It is not clear to us how to design C-DAI/T-DAI for this feature and we prefer to see a complete solution on this aspect before discussing the multi-PUCCH enhancement. 

[bookmark: _Ref71638058]Proposal 5: The HARQ-ACK information corresponding to different PDSCHs scheduled by a DCI should only be carried by single PUCCH to simplify Type-2 codebook design.

Based on the discussion of codebook design for multi-PDSCH feature, it has been identified that a large codebook size might degrade the PUCCH transmission reliability. To avoid that, we first propose to not adopt CBG transmission in multi-PDSCH scheduling when more than one PDSCH is scheduled. We also propose to reuse the same existing PUCCH payload size limit 1706 to transmit UCI information including HARQ-ACK information bits.

[bookmark: _Ref71638063]Proposal 6: CBG (re)transmission is not supported with multi-PDSCH scheduling when more than one PDSCHs are scheduled.


[bookmark: _Ref71638069]Proposal 7: The UCI information bits including HARQ-ACK information bits should reuse the existing PUCCH payload size limit 1706.

There are FFS points on the multi-PDSCH feature regarding the time gap between scheduled PDSCHs. Particularly, the maximum gap between two consecutively scheduled PDSCHs, the gap between the first scheduled PDSCH and the last scheduled PDSCH, and how to introduce the gap are under discussion. Based on our understanding, the motivation to introduce such gap is to allow potential DL/UL switching among the scheduled PDSCHs. Therefore, we don’t see the need to optimize the gap between the first scheduled PDSCH and the last scheduled PDSCH. In our view, the scheduled M PDSCHs should be contained within at most M consecutive slots to ensure the single shared MCS reflects the channels across the slots where the multi-PDSCH are scheduled. 

[bookmark: _Ref79097750]Proposal 8: For multi-PDSCH scheduling, if M PDSCHs are scheduled by a DCI, the M PDSCHs should be contained within at most M consecutive slots
 
Regarding the maximum gap between two consecutively scheduled PDSCHs, the benefit to allow multiple PDSCHs within a slot of 480kHz and 960kHz is not clear and we prefer to have at most one scheduled PDSCH within a slot from the multi-PDSCH scheduling as the basic capability.

[bookmark: _Ref79097758]Proposal 9: For multi-PDSCH scheduling, support at most one scheduled PDSCH within a slot

To introduce additional gap, it has been agreed that the scheduled PDSCHs will be dropped when the scheduling is not aligned with TDD configuration. In addition, if the CBG transmission is not supported for multi-PDSCH scheduling for 480kHz and 960kHz when more than one PDSCH are scheduled, the CBGTI field can be used to indicate which scheduled PDSCHs corresponding to a DCI are not transmitted, which can improve gNB scheduling flexibility. 

[bookmark: _Ref71638074]Proposal 10: To improve gNB scheduling flexibility, reinterpret CGBTI field to indicate which scheduled PDSCHs corresponding to a DCI are transmitted/retransmitted.


5. Timeline related discussion

The timeline design is highly related to UE implementation and network scheduling configuration. Take N1 as an example. We identify at least the following factors should be considered when N1 is evaluated. 
· PDCCH
· Per-slot monitoring and multi-slot monitoring
· BD/CCE limit for per slot and multi-slot 
· Same numerology scheduling and mix numerology scheduling (e.g. cross-BWP scheduling, cross-carrier scheduling)
· Same carrier and Cross-carrier scheduling
· CA number
· PDSCH
· PDSCH mapping type (Type A vs. Type B)
· PDSCH time length
· Single PDSCH and multi-PDSCH scheduling design
· associated HARQ procedure and the supported HARQ ID number
· PUCCH
· PUCCH formats
· Same or different numerology between PDCCH/PDSCH and PUCCH
· DMRS
· DMRS configurations
[bookmark: _GoBack]
In our view, if single N1 is the design target for each SCS, the N1 timeline should be satisfied under the most stringent configuration for majority of the UEs to establish NR operation in FR2-2, e.g., HARQ-ACK feedback can be delivered to gNB on time. To achieve it, the setup configuration for timeline evaluation should be discussed first. Unfortunately, many PDCCH related features are still under discussion, e.g., whether to support per-slot monitoring, multi-slot PDCCH monitoring framework and the associated BD/CCE limit, which makes the timeline evaluation on hold. In addition, timeline evaluation typically takes several meetings to be finalized based on the experience of Rel1-5/16 timeline discussion, which can potentially jeopardize the WI due to the missing of the most fundamental processing requirements. In fact, up to RAN1 #105 meeting, RAN1 only agreed the absolute time duration for 120 kHz SCS is used as the upper bound for the discussion of UE processing timelines for 480 kHz and 960 kHz SCS for NR operation in 52.6 to 71 GHz and no further agreements are achieved. To avoid an unfinished WI as the outcome of the remaining three RAN1 meetings, we propose to consider the absolute time duration for 120 kHz SCS as the default UE processing timelines for 480 kHz and 960 kHz SCS for NR operation in 52.6 to 71 GHz and begin to discuss the necessity of more advanced timelines and the methodology for evaluation, if necessary.

In our view, the absolute time duration for 120kHz can already achieve lower latency for higher SCSs compared to the latency for 120kHz, which is illustrated by an example of N1 shown in Figure 1, where 1 symbol PDCCH schedules 7 symbols PDSCH and 1 symbol for the HARQ-ACK information are assumed. In the example, it can be observed that the time gap between the end of PDCCH and the beginning of PUCCH in 960kHz is 50us less than the one in 120kHz even the same N1 (20 symbols of 120kHz) is applied, which indicates a reduced latency for HARQ-ACK transmission. Meanwhile, the reduced latency implies a shorter processing time for the preparation of PUCCH. In other words, the absolute processing time duration for 120kHz is quite challenging to meet in 480kHz and 960kHz without improving the time for the whole processing path, e.g., PDCCH detection, DCI parsing, channel estimation, PDSCH decoding, TPC and DFE for PUCCH, etc.. Therefore, further reduction of N1 needs to be justified. 

[image: ]
[bookmark: _Ref78895058]Figure 1 Example of latency comparison between 120kHz and 960 kHz under the same absolute N1 time duration (20 symbols of 120kHz) 


[bookmark: _Ref79097770] Proposal 11: Support the absolute processing time duration for 120 kHz SCS as the basic UE capability on the processing timelines for 480 kHz and 960 kHz SCS for NR operation in 52.6 to 71 GHz.
· FFS: the necessity of advanced timelines and the methodology for evaluation if advanced timelines are needed
    

6. Conclusion
In summary, we have the following proposals:
Proposal 1: For Type-1 codebook construction, details of further pruning on the candidate PDSCH occasions and the handling of more than one PDSCH in a slot can reuse the same Rel-15/16 Type-1 codebook construction procedure based on TDD configuration and UE capability on the number of PDSCH reception per slot

Proposal 2: For Type-2 codebook construction based on the principle of DAI per DCI, support the following PDSCH grouping and HARQ-ACK bit reporting to manage the codebook size.
· When a UE is configured for multi-PDSCH scheduling in a cell c, the scheduled PDSCHs from one DCI are grouped into  PDSCH groups
· , where N is the maximum number of PDSCH groups per DCI configured by network and C is the number of scheduled PDSCHs in the DCI. 
· Let 
· Each PDSCH group in the first  PDSCH groups contains  scheduled PDSCHs and each PDSCH group in the remaining PDSCH groups contains  scheduled PDSCHs. 
· UE reports one HARQ-ACK bit for each PDSCH group
· If all PDSCHs within a PDSCH group are decoded correctly, UE reports “ACK”
· Else, UE reports “NACK”
· If , UE will append  “NACK” bits after the M HARQ-ACK bits from the  TB groups to construct the codebook


Proposal 3: For Type-2 codebook construction based on the principle of DAI per PDSCH, consider the scheduling restriction such that at most  PDSCHs can be scheduled by any 3 consecutive DCIs..
· The corresponding bit filed length of DAI will be .

Proposal 4: For Type-2 codebook construction, consider the principle of DAI per HARQ-ACK bit and consider the restriction on the number of HARQ-ACK bits such that at most  HARQ-ACKs are corresponding to a DCI
· When the number of PDSCHs  scheduled by a DCI is less than , UE only needs to report  HARQ-ACK bits instead of  HARQ-ACK bits.
· When the number of PDSCHs  scheduled by a DCI is greater or equal to , UE only needs to report  HARQ-ACK bits instead of  HARQ-ACK bits
· The  HARQ-ACK bits can be generated based on Rel-16 CBG-like grouping among the scheduled PDSCH.
· DAI bit field length is 
·  can be configured by gNB


Proposal 5: The HARQ-ACK information corresponding to different PDSCHs scheduled by a DCI should only be carried by single PUCCH to simplify Type-2 codebook design.

Proposal 6: CBG (re)transmission is not supported with multi-PDSCH scheduling when more than one PDSCHs are scheduled.

Proposal 7: The UCI information bits including HARQ-ACK information bits should reuse the existing PUCCH payload size limit 1706.
Proposal 8: For multi-PDSCH scheduling, if M PDSCHs are scheduled by a DCI, the M PDSCHs should be contained within at most M consecutive slots

Proposal 9: For multi-PDSCH scheduling, support at most one scheduled PDSCH within a slot
Proposal 10: To improve gNB scheduling flexibility, reinterpret CGBTI field to indicate which scheduled PDSCHs corresponding to a DCI are transmitted/retransmitted.
Proposal 11: Support the absolute processing time duration for 120 kHz SCS as the basic UE capability on the processing timelines for 480 kHz and 960 kHz SCS for NR operation in 52.6 to 71 GHz.
· FFS: the necessity of advanced timelines and the methodology for evaluation if advanced timelines are needed
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