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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]:
· define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals
· Timeline related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timing, HARQ timing, UE processing, preparation, and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively.
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
In this contribution, we address the following subjects covered by the objectives including timeline related aspects adapted to each of the new numerologies 480kHz and 960kHz, and scheduling particularly w.r.t. multi-PDSCH/PUSCH with a single DCI and it corresponding HARQ support. 
Timeline and Processing 
With the introduction of 480 kHz and 960 kHz SCSs, various UE processing timelines set in Rel-15/Rel16 need to be revisited. In RAN1 #106-e [6] and RAN1 #106-bis-e [7], agreements were made on UE processing timelines N1, N2, N3, Z1, Z2, Z3, k0, k1 and k2 for single and multi-PDSCH/PUSCH scheduling. In RAN1 #103-e [4], the following agreement was made with the items that have been agreed on in red:

	Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
Overall implementation complexity for supporting a specific subcarrier spacing may need to consider the following, but not limited to:
· complexity associated with supporting given reduced (in absolute time) requirements on UE processing times (e.g., N1, N2, N3, Z1, Z2, Z3, etc) and UE PDCCH processing budget as a function of subcarrier spacing, if scheduling and monitoring unit is maintained to be one slot.
· supported features indicated by UE capability signaling or implemented by the gNB.

Agreement:
1) It was identified that for new subcarrier spacing, if agreed, will at least require investigation on the need for enhancements and standardization, of the following processing timelines:
a. Processing capability for PUSCH scheduled by RAR UL grant 
b. Dynamic SFI and SPS/CG cancellation timing
c. Timeline for HARQ-ACK information in response to a SPS PDSCH release/dormancy.
d. Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6)
e. BWP switch delay
f. Multi-beam operation timing (timeDurationForQCL, beamSwitchTiming, beam switch gap, beamReportTiming, etc.)
g. Timeline for multiplexing multiple UCI types
h. Minimum of P_switch for search space set group switching
i. appropriate configuration(s) of k0 (PDSCH), k1 (HARQ), k2 (PUSCH),
j. PDSCH processing time (N1), PUSCH preparation time (N2), HARQ-ACK multiplexing timeline (N3)
k. CSI processing time, Z1, Z2, and Z3, and CSI processing units
l. Any potential enhancements to CPU occupation calculation
m. Related UE capability(ies) for processing timelines
n. minimum guard period between two SRS resources of an SRS resource set for antenna switching




From the agreements in RAN1 #106-e and RAN1 #106-bis-e, the general idea is to maintain the same absolute time duration for the UE processing timelines as that of 120 kHz SCS in FR2-1. Table 1 below lists the different UE processing timelines outstanding and their dependencies with the independent parameters in Group 1 and the items in Group 2 dependent on the items in Group 1.
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Group 1 UE processing Timelines
In setting the values for the UE processing timelines that have not been decided, we propose that for NR operation with 480 and 960 kHz SCS, adopt the values for all UE processing times (for single and multi-PDSCH/PUSCH scheduling) to maintain the same absolute time duration as that of 120 kHz SCS in FR2. This can apply directly to the following parameters (Group 1 in Table 1):
· HARQ-ACK information in response to a SPS PDSCH release, 38.213 Section 10.2
· HARQ-ACK information in response to a detection of a DCI format 1_1 indicating SCell dormancy, 38.213 Section 10.3
· Determination of the resource allocation table to be used for PUSCH, 38.214 Section 6.1.2.1
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH, 38.214 Section 5.5
· Application delay of the minimum scheduling offset restriction : 38.214 Section 5.3.1/6.1
The following UE processing timelines may need some input from RAN4 to be finalized:
· BWP Delay, 38.133, Section 8.6 (Agreed in RAN4)
· Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6): 38.213 Section 10.3

Proposal 1: 
For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4x/8x for 480 kHz and 960 kHz SCS respectively for the following UE timeline parameters for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
· HARQ-ACK information in response to a SPS PDSCH release, N in 38.213 Section 10.2
· HARQ-ACK information in response to a detection of a DCI format 1_1 indicating SCell dormancy, N in 38.213 Section 10.3
· Determination of the resource allocation table to be used for PUSCH, Δ in 38.214 Section 6.1.2.1.1
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH, Npdsch in 38.214 Section 5.5
· Application delay of the minimum scheduling offset restriction, Zµ in 38.214 Section 5.3.1
· FFS: Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6): X in 38.213 Section 10.3 and 38.133 Section 8.2.1.2.7

Group 2 UE Processing Timelines
PDSCH-to-HARQ-feedback timing indicator field
The following agreements have been made in RAN1 #106-bis-e on the value of k0, k1 and k2 [7]:
	Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, the value range of k0 is 0 ~ 128. 

Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, the value range for k2 is 0 ~ 128. 

Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, the value range of k1 indicated in RRC is -1 ~ 127 for DCI format 1_1 and 0 ~ 127 for DCI format 1_2. 
· Note: this does not imply that DCI format 1_2 supports multi-PDSCH scheduling

Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, decide the set of values for PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 in RAN1#107-e.
· Option 1: {4, 8, 12, 16, 20, 24, 28, 32} for 480 kHz and {8, 16, 24, 32, 40, 48, 56, 64} for 960 kHz
· Option 2: {7, 8, 9, 10, 11, 12, 13, 14} for 480 kHz and {13, 14, 15, 16, 17, 18, 19, 20} for 960 kHz
· Option 2a: {1, 2, 3, 4, 5, 6, 7, 8} (same as in existing specification)
· Note: the actual slot offset of k1 is the indicated value + offset where offset is ceil(N1/14)
· Other options are not precluded 




On the value of the PDSCH-to-HARQ-feedback timing indicator field in DCI format 1_0, Option 1 has a wide range but may limit scheduling flexibility due to its granularity. Options 2 and 2a provide the flexibility not offered by Option 1 but may not have enough range. To balance both range and flexibility requirements for NR operation with 480 kHz and/or 960 kHz SCS, the set of values for PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 can be in the form offset + multiplier * parameter where the offset and the multiplier can be set between 1 and 4 to get the required range. The  offset and multiplier can be either pre-defined in the specifications or configured via higher layer signaling. The parameter can be the same as the existing specification. 

Proposal 2: For NR operation with 480 kHz and/or 960 kHz SCS, the set of values for PDSCH-to-HARQ-feedback timing indicator field in DCI format 1_0 is of the form offset + multiplier * parameter.
· The  offset and multiplier can be either pre-defined in the specifications or configured via higher layer signaling
CSI processing criteria: 38.214 Section 5.2.1.6
This is dependent on Z3 and Z3’ that were agreed on in RAN1 #106-e and RAN1 #106-bis-e.

Processing capability for PUSCH scheduled by RAR UL grant : 38.213 Section 8.3
This depends on k2, delta, N1 and N2 and as such needs a decision on delta.


Slot Configuration: 38.213 Section 11.1
The slot configuration period in the UL/DL configuration of 38.213. Section 11.1 can be  reused for 480kHz/960kHz SCS and the number of configuration slots scaled accordingly. Given that FR2-2 is part of FR2, the reference SCS used by the slot configuration period in UL/DL configuration for FR2 (60 kHz and 120 kHz) may be re-used for 480 kHz SCS and 960 kHz SCS and the existing FR2 TD UL/DL configuration using either 60 kHz or 120 kHz may be re-used. The number of configuration slots is scaled accordingly. As such for FR2-2, with µ= 3, µ= 5 or µ=6,  we can set [image: ] with P = 0.625 msec, P = 1.25 msec and P = 2.5 msec. 
Proposal 3: The slot configuration period and the existing FR2 TD UL/DL configuration using either 60 kHz or 120 kHz is reused for 480kHz/960kHz SCS and the number of configuration slots is scaled accordingly.  
Multi-PDSCH/PUSCH Scheduling and HARQ 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 feature requires that RAN1 consider enabling scheduling to take place over these multiple slots in an efficient manner. To reduce the control signaling overhead within the larger PDCCH monitoring unit, the WID proposes enhancements for multi-PDSCH/PUSCH scheduling support with a single DCI and corresponding HARQ enhancements to support this.  In the last few meetings, agreements have been made on the design of multi-PDSCH and multi-PUSCH transmission with a single DCI and the associated HARQ enhancements.

Multi-PUSCH Transmission
For multi-PUSCH transmission with a single DCI, although many agreements have been made on the design to date, 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 can be further restricted based on UE capabilities. 
b) CBG Support and CBGTI signaling: Based on the discussion in RAN1 #106-e: 
a. 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.  As such, we should not support CBGTI field configuration in the DCI that can schedule multiple PUSCHs. 
c) 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. 
d) 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.
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· The maximum number of PUSCHs that can be scheduled can be further restricted based on UE capabilities. 
· For 480 kHz and 960 kHz SCS, no  support for CBGTI field configuration in the DCI that can schedule multiple PUSCHs
· 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

Multi-PDSCH Transmission
For multi-PDSCH transmission with a single DCI, to complete the design, the following enhancements should be considered: 

a) Maximum number of PDSCHs scheduled: The maximum number of PDSCHs that can be scheduled can be further restricted based on UE capabilities.
b) CBG Support and CBGTI/CBGFI signaling: For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, do not support/configure CBGTI/CBGFI fields
c) FRDA: similar to the multi-PUSCH discussion. 
d) Frequency hopping: similar to the multi-PUSCH discussion.

Proposal 5: For Rel-17 multi-PDSCH transmission
· The maximum number of PDSCHs that can be scheduled can be further restricted based on UE capabilities. 
· For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, do not support/configure CBGTI/CBGFI fields 
· 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

Multi-PDSCH and multi-PUSCH Transmission
Maximum Gap Between Transmissions
In RAN1 #104b-e [5], it has been agreed that a row of the TDRA table can indicate PxSCHs (PDSCHs or PUSCHs) that are in consecutive or non-consecutive slots. It was agreed as FFS to decide on (a) the maximum value of the gap between two consecutive transmissions and (b) the maximum value of the gap between the first and the last scheduled transmission.. 

The maximum gap between the first and last transmissions should be selected :
· Based on the maximum value of k0/k2 decided in RAN1 #1-6-bis-e i.e. 128 slots.
· Account for the use of a single MCS in the DCI to limit the loss in performance based on channel variation over the duration of the multi-PDSCH transmission due to the use of a single MCS for the duration of the channel. Note that for PDSCH transmission, a modification to the CQI feedback procedure may be needed to enable CSR-RS configuration and CQI feedback suitable for multi-PDSCH transmission with a single DCI.

For the maximum gap between two consecutive transmissions, this can be set to the maximum value between the first and the last transmission in a 2 PDSCH/PUSCH transmission i.e. 128 slots.

Out-of-order handling
In RAN1 #106-bis-e [7],  the following agreements were made:
	Agreement:
For two multi-PDSCH (or two multi-PUSCH) scheduling DCIs, UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI to lead to out-of-order scheduling.
· FFS: whether to allow OOO scheduling for the following two cases:
· for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH)
· for the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV
· Note: The above FFS aspect applies only to multi-PDSCH and multi-PUSCH scheduling with single DCI



In addition, for the PDSCH-to-HARQ-ACK out-of-order issue, the following proposal was considered in [8]: 

	Proposal #2.6.2-a
· For multi-PDSCH scheduling, UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling.
· FFS whether to allow OOO scheduling for a PDSCH scheduled by multi-PDSCH scheduling DCI and other unicast PDSCH scheduled by single-PDSCH scheduling DCI



To simplify UE implementation, we propose that for the DCI-to-data out of order issue, the UE does not expect any out-of-order scheduling for the following cases:

· for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH). This is illustrated in Figure 1.
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[bookmark: _Ref86844915]Figure 1: OOO Scheduling and HARQ for Multi-PDSCH and single PDSCH transmission
· for the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV. This is illustrated in Figure 2.
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[bookmark: _Ref86845007]Figure 2: OOO Scheduling and HARQ for two Multi-PDSCH transmissions

For the PDSCH-to-HARQ-ACK out-of-order issue, 
· for multi-PDSCH scheduling, the UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling in the case  of a PDSCH scheduled by multi-PDSCH scheduling DCI and other unicast PDSCH scheduled by single-PDSCH scheduling DCI. This is illustrated in Figure 1.

Proposal 6: On the maximum gap for PxSCH transmission:
· The maximum gap between the first and last PxSCH transmissions should be selected (a) based on the maximum values of k0 and k2 i.e. 128 slots and (b) account for the use of a single MCS in the DCI.
· The maximum gap between two consecutive transmissions, can be set to the maximum value between the first and the last transmission in a 2 PDSCH/PUSCH transmission i.e. 128 slots.


Proposal 7: To simplify UE implementation, we propose that for the DCI-to-data out of order issue, the UE does not expect any out-of-order scheduling for the following cases:

· for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH).
· for the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV

Proposal 8: For the PDSCH-to-HARQ-ACK out-of-order issue, 
· for multi-PDSCH scheduling, the UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling in the case  of a PDSCH scheduled by multi-PDSCH scheduling DCI and other unicast PDSCH scheduled by single-PDSCH scheduling DCI


HARQ Feedback for Multi-PDSCH Scheduling with a Single DCI
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. 

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 an agreement on Option 1 decided in RAN1 #106-e and finalized in RAN1 #106-bis-e as follows:

	Agreement: (RAN1#106-e)
· For single TRP operation, for 480/960 kHz SCS,
· FFS: A UE does not expect to be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· FFS: A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
· For single TRP operation, for 120 kHz SCS (same as current specification for FR2-1 for PUSCH),
· Subject to UE capability, a UE can be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· Subject to UE capability, a UE can be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
· FFS for multi-TRP operation
· Note: The optimization of HARQ codebook size for Type 1 or Type 2 codebook design is considered as a low priority in Rel-17 (this does not preclude HARQ ACK bundling in time domain).
· The agreement made in RAN1#105-e is revised as follows.
	Agreement: (RAN1#105-e)
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 contains all the unique DL slots determined by considering all combinations of the configured K1 values and the configured rows of the TDRA table.
· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) contains all the SLIVs for that slot determined by considering all combinations of the configured K1 values and the configured rows of the TDRA table.
· The Rel-16 procedure is reused for determining the candidate PDSCH reception occasions for the set of SLIVs corresponding to each DL slot belonging to the set of DL slots
· Note: The Rel-16 procedure already handles pruning of multiple SLIVs corresponding to a DL slot, for both UEs that are and are not capable of receiving multiple PDSCHs per slot
· FFS impact of time domain bundling, if supported







Time domain bundling can be used to reduce the overhead of the Type-1 codebook. To reduce the feedback overhead, time domain bundling can be performed across a subset of the PDSCHs scheduled by the DCI.  The subset of PDSCHs that are bundled together may be configurable and range from 1 through 8. Note that bundling procedure may be performed before pruning or after the codebook procedure is done.  We support bundling after the codebook procedure is done.

Proposal 9: Time domain bundling is performed across subset of PDSCHs scheduled by a DCI. The bundling operation is performed after the codebook is constructed.


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. Misdetection of the scheduling DCI(s) may result in HARQ-ACK codebook size misalignment between the gNB and UE.  

In the RAN1 #106-e meeting, it was agreed that counting per scheduling DCI (Alt.1) be supported.   

	Agreement:
Adopt Alt 1 (C-DAI/T-DAI is counted per DCI) for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs.




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. 
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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 10: Configure the number of PDSCHs per bundling group. 
· 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. 


 Multiple PUCCHs per multi-PDSCH 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.

In a scenario with multiple PUCCHs for multi-PDSCH transmission, an updated design is desired for multiple issues such as signaling and codebook design. For example, there are issues to address with respect to: (1) signaling the PDSCH-to-HARQ_feedback timing indicator, K1; (2) identifying the PDSCH set associated with a PUCCH; (3) Update of the Type 1 HARQ-ACK codebook design to accommodate the multiple PUCCHs ; and (4) update of the Type 2 HARQ-ACK codebook design to accommodate the multiple PUCCHs.

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 3: Single HARQ-ACK feedback for multi-PDSCH transmissions within a  single COT. 
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Figure 4: Single HARQ-ACK feedback for multi-PDSCH transmissions across multiple COTs
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Figure 5: 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.

Proposal 11: 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 12: RAN1 should support a single HARQ-ACK feedback for multi-PDSCH transmissions within a single COT only. 

HARQ ACK Codebook and BWP switching

In Rel-15/Rel-16 if slot n_u starts at a same time as or after a slot for an active DL BWP change on serving cell  c or an active UL BWP change on the PCell and slot [image: Text

Description automatically generated with medium confidence]  is before the slot for the active DL BWP change on serving cell  c or the active UL BWP change on the PCell then we skip this downlink slot in the codebook. 

To address this issue for multi-PDSCH transmission, the UE could have one of the following behaviors:

· Option 1: The UE does not expect an UL or DL BWP change on the serving cell after the DCI scheduling the multi-PDSCH transmission and until the PUCCH is transmitted
· Option 2: The UE will only send HARQ-ACK bits for the effective K1 values after the BWP switch. 

Note that in the case of UCI multiplexing on multi-PUSCH transmission, RAN1 should discuss if each PUSCH can be multiplexed on or if UCI multiplexing is allowed on only one of the PUSCH transmissions. 

Proposal 13: In the case of BWP switching during multi-PxSCH transmission 
· Option 1: The UE does not expect an UL or DL BWP change on the serving cell after the DCI scheduling the multi-PDSCH transmission and until the PUCCH is transmitted
· Option 2: The UE will only send HARQ-ACK bits for the effective K1 values after the BWP switch. 


Conclusion
In this contribution, we have the following observations, proposals, and conclusions:
Proposal 1: 
For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4x/8x for 480 kHz and 960 kHz SCS respectively for the following UE timeline parameters for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
· HARQ-ACK information in response to a SPS PDSCH release, N in 38.213 Section 10.2
· HARQ-ACK information in response to a detection of a DCI format 1_1 indicating SCell dormancy, N in 38.213 Section 10.3
· Determination of the resource allocation table to be used for PUSCH, Δ in 38.214 Section 6.1.2.1.1
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH, Npdsch in 38.214 Section 5.5
· Application delay of the minimum scheduling offset restriction, Zµ in 38.214 Section 5.3.1
· FFS: Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6): X in 38.213 Section 10.3 and 38.133 Section 8.2.1.2.7

Proposal 2: For NR operation with 480 kHz and/or 960 kHz SCS, the set of values for PDSCH-to-HARQ-feedback timing indicator field in DCI format 1_0 is of the form offset + multiplier * parameter.
· The  offset and multiplier can be either pre-defined in the specifications or configured via higher layer signaling

Proposal 3: The slot configuration period and the existing FR2 TD UL/DL configuration using either 60 kHz or 120 kHz is reused for 480kHz/960kHz SCS and the number of configuration slots is scaled accordingly.  

Proposal 4: For Rel-17 multi-PUSCH transmission
· The maximum number of PUSCHs that can be scheduled can be further restricted based on UE capabilities. 
· For 480 kHz and 960 kHz SCS, no  support for CBGTI field configuration in the DCI that can schedule multiple PUSCHs
· 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

Proposal 5: For Rel-17 multi-PDSCH transmission
· The maximum number of PDSCHs that can be scheduled can be further restricted based on UE capabilities. 
· For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, do not support/configure CBGTI/CBGFI fields 
· 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



Proposal 6: On the maximum gap for PxSCH transmission:
· The maximum gap between the first and last PxSCH transmissions should be selected (a) based on the maximum values of k0 and k2 i.e. 128 slots and (b) account for the use of a single MCS in the DCI.
· The maximum gap between two consecutive transmissions, can be set to the maximum value between the first and the last transmission in a 2 PDSCH/PUSCH transmission i.e. 128 slots.

Proposal 7: To simplify UE implementation, we propose that for the DCI-to-data out of order issue, the UE does not expect any out-of-order scheduling for the following cases:

· for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH).
· for the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV

Proposal 8: For the PDSCH-to-HARQ-ACK out-of-order issue, 
· for multi-PDSCH scheduling, the UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling in the case  of a PDSCH scheduled by multi-PDSCH scheduling DCI and other unicast PDSCH scheduled by single-PDSCH scheduling DCI
Proposal 9: Time domain bundling is performed across subset of PDSCHs scheduled by a DCI. The bundling operation is performed after the codebook is constructed.

Proposal 10: Configure the number of PDSCHs per bundling group. 
· 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. 

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.

Proposal 11: 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 12: RAN1 should support a single HARQ-ACK feedback for multi-PDSCH transmissions within a single COT only. 

Proposal 13: In the case of BWP switching during multi-PxSCH transmission 
· Option 1: The UE does not expect an UL or DL BWP change on the serving cell after the DCI scheduling the multi-PDSCH transmission and until the PUCCH is transmitted
· Option 2: The UE will only send HARQ-ACK bits for the effective K1 values after the BWP switch. 
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