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1. Introduction
Based on the revised WID approved at the RAN#90-e meeting [1], RAN1 discussed and made some agreements on PDSCH/PUSCH enhancements for supporting NR from 52.6 – 71 GHz at RAN1#104-e. In this contribution, we discuss on PDSCH/PUSCH enhancements for NR from 52.6 – 71 GHz, including:
· Timeline related aspects
· Reference signals
· Scheduling/HARQ
2. Timeline related aspects
Under the scaling rule in Rel-15/16 NR, higher SCS requires to support shorter absolute time duration per symbol/slot. There are a lot of timeline related values defined in a symbol or slot manner in the specifications, and new values for new SCSs would need to be defined. It was agreed at RAN1#104-e to use the absolute time duration for 120kHz SCS as the upper bound 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. 

	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.



For accurate timeline value derivation, case by case study can achieve more appropriate values for each case, while it requires more study and specification efforts. Model based approach can be a simpler method but the validity of the value derived from the approximating model needs to be carefully discussed. RAN4 assistance may be needed for determination of the accurate timeline values for 480/960kHz SCS.

Proposal 1: FFS how to derive the accurate timeline values for 480/960kHz SCS for NR52.6-71GHz.


3. Reference signal 
DMRS and PT-RS are captured in WID [1] as aspects which need to be evaluated for 52.6 – 71 GHz and may be enhanced according to the evaluation result. For DMRS, one potential aspect is frequency domain density considering frequency selectivity. The frequency selectivity of the channel is derived by the power-delay spread of multi-path components of the channel. In the previous study [3], it was observed that the SCSs of 480KHz and 960KHz are comparable with the channel coherent bandwidth based on the DS defined in [4]. With the existing Rel-15 Type 1 and Type 2 DMRS allocation patterns in frequency domain, the channel estimation performance may be degraded with higher SCSs as the channel correlation of two adjacent subcarriers decreases with higher SCSs. Considering above, enhancements of the DMRS allocation pattern in frequency domain can be considered, e.g., denser DMRS allocation in frequency domain. It was also observed that considering the relationship between absolute bandwidth with larger SCSs supported in 52.6 – 71 GHz and coherent bandwidth, the applicability of FD-OCC based DMRS port multiplexing may not be unclear in the operation with larger SCSs. Considering that, at RAN1#104-e meeting, it was agreed to further study on whether to introduce different DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns, and whether to support a configuration of DMRS in which FD-OCC is not applied for 480 kHz and 960 kHz SCS as follows.

	Agreement:
· Existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 120 kHz SCS.
· At least existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
· Further study on whether to introduce different DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
· Further study on whether and how to restrict DMRS port configuration (e.g., the number of DMRS ports) as in FR2 for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
Agreement:
Further study on at least the following aspects of potential DMRS enhancement with respect to FD-OCC:
· whether to support a configuration of DMRS in which FD-OCC is not applied for 480 kHz and 960 kHz SCS
· Applicability to Type-1 and/or Type-2 DMRS
· Details on whether and how to indicate that FD-OCC is not applied to DMRS port
· Impact to UE multiplexing capacity and inter-UE interference in MU-MIMO 



To investigate the FFS points, we have evaluated PDSCH BLERs with 480 and 960 kHz SCS for different DMRS patterns with 2-port configuration, i.e., Rel-15 DMRS type 1 with comb and non-comb (i.e., FD-OCC) based 2-port configuration, Rel-15 DMRS type 2 with comb and non-comb (i.e., FD-OCC) based 2-port configuration, and 2-port DMRS with DMRS on every RE in the symbol containing DMRS. The evaluation results are shown in Figure 4-1 and 4-2, where the PDSCH performances with each evaluated DMRS patterns are compared in TDL-A channel with both 5ns and 10ns delay spread. In the evaluation, only front-loaded DMRS with one symbol is assumed with two-layer transmission. The REs in DMRS symbol will be punctured if these REs are not used for DMRS transmission. The detailed simulation assumptions are shown in Table A-1 in Appendix. From evaluation results in Figure 4-1 and 4-2, it is observed that comb-based 2-port DMRS could achieve about up to 0.9dB gain compared with non-comb-based 2-port DMRS with existing type 1/2 DMRS pattern. Comb-based type 1 DMRS has better performance than comb-based type 2 DMRS. Furthermore, full-density DMRS achieves up to 0.8dB gain compared to comb-based type-1 DMRS.   
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(a) 480KHz SCS                                                                    (b)  960KHZ SCS
Figure 4-1: BLER performance comparison among Full-density DMRS and comb-based and non-comb-based Rel-15 Type 1/Type 2 DMRS (400MHz bandwidth, 2 ports transmission, TDL-A 5ns)
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(a) 480KHz SCS                                                                    (b)  960KHZ SCS
Figure 4-2: BLER performance comparison among Full-density DMRS and comb-based and non-comb-based Rel-15 Type 1/Type 2 DMRS (400MHz bandwidth, 2 ports transmission, TDL-A 10ns)

With higher DMRS density per port, the ports multiplexing capacity of proposed full-density DMRS could be reduced. Type 1 and 2 DMRS can achieve 4 and 6 ports multiplexing with single symbol and 8 and 12 ports multiplexing with double symbols respectively, while full-density DMRS could achieves less ports multiplexing capacity. On the other hand, in frequency band of 52.6 – 71 GHz, the required number of ports for multiplexing may be less than the one in lower frequency band as smaller number of UEs may be covered by a single beam, assuming narrower beam used in higher frequency range. Therefore, such less ports multiplexing capacity of proposed denser DMRS may not be an issue in 52.6 – 71 GHz bands. 

Proposal 2: Support DMRS configuration, in which FD-OCC is not applied for 480 kHz and 960 kHz SCS, for Type1 and/or Type 2 DMRS  
Proposal 3: Support new DMRS pattern with increased frequency domain density than the existing DMRS patterns for 480 kHz and 960 kHz SCS.  

4. Scheduling/HARQ
Multi-PDSCH/PUSCH scheduling

It was agreed to support multi-PDSCH/PUSCH scheduling by single DCI at RAN1#104-e with the following agreements. Details of multi-PDSCH/PUSCH scheduling by single DCI need to be further designed.

	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:
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 the multi-PUSCH scheduling in Rel-17, study the enhancement of the following in addition to Rel-16 multi-PUSCH scheduling.
· CBGTI: Whether or not 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 signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled 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 signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled 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 signalled 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.



For applicability of multi-PDSCH scheduling by single DCI, it is straightforward to also support it for 120 kHz SCS. We believe it would be beneficial to improve efficiency to schedule PDSCHs even for 120 kHz operation. 

For the maximum number of PDSCHs/PUSCHs scheduled by a DCI, 8 is supported for multi-PUSCH scheduling in Rel-16 NR-U, and hence at least the same number should be achieved for Rel-17 NR operation in 52.6 – 71 GHz. Also, considering the possible PDCCH monitoring capability reduction for shorter slot length with higher SCS in NR operation in 52.6 – 71 GHz, larger number, e.g., 16 can also be considered. It may also be different for different SCSs considering the scaling difference.
Proposal 4: For multi-PDSCH/PUSCH scheduling,
· Multi-PDSCH scheduling can apply to 120kHz in addition to 480kHz and 960kHz SCS.
· Maximum number of PDSCHs or PUSCH scheduled by a DCI can be equal to 8 or larger than 8 (e.g. 16). The maximum number may be different for different SCSs.

For possible enhancements for multi-PUSCH/PDSCH scheduling compared to Rel-16 multi-PUSCH scheduling, the following aspects can be discussed.
· For TDRA design, TDRA table supported for Rel-16 multi-PUSCH scheduling can be the baseline. 
· Enhancement to support non-contiguous PUSCH/PDSCH scheduling can provide more flexibility. For example, if DCI schedules multiple PDSCHs/PUSCHs in non-contiguous slots, UL/DL transmission is possible during the gap of these non-contiguous slots, which can bring much scheduling flexibility. Therefore, Alt. 2 for TDRA is preferred. 
· It was clarified above that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is not precluded. Depending on whether/how much TDRA design and/or time domain resource allocation method is different, some aspects on the relationship between the DCI scheduling multi-PDSCH/PUSCH and scheduling single PUSCH/PDSCH with repetitions may need to be discussed further. For instance, whether a DCI format that supports scheduling multiple PUSCHs without repetition can also support scheduling single PUSCH with repetitions. If supported, harmonization of multi-PUSCH related configuration (e.g. TDRA table with multiple SLIVs should be configured) and PUSCH repetition related configuration (e.g. TDRA table with number of repetitions, PUSCH repetition type should be configured for the DCI format) is needed.
· With respect to CBG based scheduling for multiple PUSCHs scheduled by one DCI, it is not supported in Rel-16 multi-PUSCH design and there is no strong motivation to have different design from the previous situation. Moreover, supporting CBG based scheduling for multiple PUSCHs will cause significant DCI overhead issue, assuming the CBG field needs to be reserved for the maximum number of PUSCHs that can be scheduled by one DCI. Therefore, CBG based scheduling should not be supported for multi-PUSCH/PDSCH scheduling in 52.6 – 71 GHz
· For A-CSI reporting requested by a DCI scheduling multiple PUSCHs, no strong motivation to apply a different rule from Rel-16 multiple PUSCHs scheduled by single DCI case either. More specifically, 
· If DCI schedules single PUSCH with repetitions, A-CSI report is transmitted on the first actual PUSCH repetition. 
· If a DCI schedules two PUSCHs, the A-CSI report is carried on the second scheduled PUSCH.
· If a DCI schedules more than two PUSCHs, the A-CSI report is carried on the penultimate scheduled PUSCH.
· With regard to FDRA for multi-PUSCH/PDSCH scheduling, enhancement can be considered to reduce DCI overhead, e.g. increasing RBG size.
· PUSCH frequency hopping should be supported similar to single PUSCH scheduling in Rel-15/16 NR since interlaced resource allocation is not applied in 52.6 -71 GHz. We can reuse existing frequency hopping scheme, while if necessary, an introduction of new frequency hopping scheme for multi-PUSCH (e.g. inter/intra-PUSCH hopping) could also be considered.
· On whether/how to harmonize URLLC related fields (e.g. priority indicator field, open-loop power control field) in multi-PUSCH scheduling framework in 52.6 – 71 GHz, we think it needs to be supported. These fields were not considered for multi-PUSCH scheduling design in Rel-16 since they are introduced in parallel WI with NR-U WI.
· The simplest way is to indicate one field value which will be applied for all scheduled PUSCHs, e.g. the same physical priority for all scheduled PUSCHs by one DCI. If accumulated power control is enabled, the power control adjustment indicated by the open-loop power control field is applied only once on the first PUSCH.
· For multi-PDSCH scheduling, if only supporting HARQ-ACK for PDSCHs scheduled by one DCI on one PUCCH, it is natural only one priority indicator field and open-loop power control field is needed.

Proposal 5: 
· For multi-PUSCH scheduled by single DCI,
· Support Alt 2 (non-contiguous scheduling enhancement) TDRA design for multi-PUSCH scheduling.
· Discuss whether/how a DCI format supporting multi-PUSCH scheduling can support scheduling single PUSCH with repetition.
· CBG based scheduling is not supported when multiple PUSCHs are scheduled by one DCI.
· A-CSI reporting on PUSCH rule in Rel-16 should be reused.
· Support FDRA enhancement to reduce DCI overhead.
· Support frequency hopping for multi-PUSCH scheduling. Newly introduced frequency hopping scheme for multi-PUSCH scheduling can be considered.
· For URLLC related fields, one value of each related field is applied for all scheduled PUSCHs.
· For multi-PDSCH scheduled by single DCI,
· Similar consideration on CBG based transmission, TDRA, and FDRA as multi-PUSCH scheduling can be applied to multi-PDSCH scheduling.
· For multi-PDSCH scheduling, if only supporting HARQ-ACK for PDSCHs scheduled by one DCI on one PUCCH, it is natural only one priority indicator field and open-loop power control field is needed.

HARQ-ACK feedback for multi-PDSCH scheduled by single DCI

Following agreements have been made for HARQ-ACK feedback for multi-PDSCH scheduling by single DCI. 
	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



For K1 granularity, there is no strong motivation to enhance K1 granularity since K1 set can be RRC configured per serving cell and flexibly indicated by the scheduling DCI. With regard to HARQ-ACKs for the multiple PDSCHs scheduled by a DCI on different PUCCHs, if non-consecutive multi-PDSCH scheduling is supported, HARQ feedback for earlier PDSCHs in the gap between the non-consecutive multi-PDSCH can be beneficial to reduce the latency. In this case, HARQ feedback for earlier PDSCH and for later PDSCH may need to be reported in different resources. It depends on the decision on some scheduling aspects. 
Proposal 6: Further study transmitting HARQ-ACKs for multiple PDSCHs scheduled by one DCI on different PUCCHs.

PUCCH payload size can be quite larger when multiple PDSCHs are scheduled and their HARQ feedbacks needs to be reported on less number of PUCCH e.g., on a single PUCCH. Since PUCCH payload size is a significant factor impacting PUCCH reliability, how to avoid too much PUCCH payload size should be discussed. In our view, HARQ-ACK bundling is an effective method to achieve it. For example, HARQ-ACKs of the PDSCHs scheduled by the same DCI is combined into one bit by “logical AND”. Based on such approach, bundling of HARQ-ACKs for multiple PDSCHs scheduled by single DCI can be supported. It can be enabled/disabled by RRC configuration or by the scheduling DCI indication. 
For type 2 HARQ-ACK CB construction, Alt. 1 has an advantage over Alt. 2/3 from DAI field enhancement perspective. On the other hand, from HARQ-ACK PUCCH reliability perspective, whether HARQ-ACK bundling is applied may lead to different preference for down-selection among the three alternatives.
If HARQ-ACK bundling among PDSCHs by one DCI is not applied (i.e. separate HARQ-ACK bit for multiple PDSCHs),
· Alt. 1 will lead to either potential ambiguity on HARQ-ACK CB size between gNB and UE (e.g. if number of HARQ-ACK bits for a DCI is determined by actual number of PDSCHs scheduled by the DCI), or redundant HARQ-ACK CB size (e.g. if number of HARQ-ACK bits for a multi-PDSCH scheduling DCI is determined by the maximum number of PDSCHs for multi-PDSCH scheduling), which will lead to high PUCCH payload and degraded PUCCH reliability. However, DAI field extension is not required for Alt 1.
· Alt. 2 can avoid the ambiguity on HARQ-ACK CB size with keeping HARQ-ACK CB size more reasonable compared with Alt 1. Moreover, HARQ-ACK CB construction procedure in Rel-16 can be directly reused with C-DAI per PDSCH, with only little specification impact. However, DAI field extension is required for Alt 2. 
· Alt. 3 is a trade-off between Alt 1 and 2, but it still leads to more redundant HARQ-ACK CB size than Alt. 2 with larger specification impact on HARQ-ACK CB construction procedure. However, less DAI field extension is required than Alt 2. 
Based on the analysis, Alt 1/2/3 are trade-off between PDCCH payload increasement (due to DAI field extension) and PUCCH payload redundancy. Assuming at most 4 consecutive DCIs missing needs to be covered in both frequency and time domain similar to Rel-16, and up to 8 PDSCHs can be scheduled by one DCI, Alt 2 requires 3 bits C-DAI and T-DAI field extension in PDCCH payload. On the other hand, Alt 1 has redundant PUCCH payload size issue as mentioned above, e.g., 8-bit HARQ-ACK always need to be reported per DCI assuming the maximum number of PDSCHs scheduled by a DCI is 8 even if only smaller number of PDSCHs are actually scheduled. Considering the possibly large number of HARQ-ACK bits and much redundancy introduced by Alt 1, we think the DAI field extension introduced by Alt 2 is deserved. Therefore, from HARQ-ACK payload size redundancy and specification impact perspective, Alt. 2 is preferred for this case.
If HARQ-ACK bundling among PDSCHs by one DCI is applied and only 1 bit HARQ-ACK feedback information is generated for multiple PDSCHs scheduled by DCI, Alt. 1 works well for this case since HARQ-ACK CB size can be determined by the indicated T-DAI. Similarly, if HARQ-ACK for per M PDSCHs by one DCI is bundled into 1 bit, Alt. 3 works well for this case since HARQ-ACK CB size can be determined by the indicated T-DAI. 

In our opinion, HARQ-ACK bundling among PDSCHs scheduled by single DCI is an optional enhancement, i.e. at least no bundling will be supported. Therefore, we think at least Alt. 2 is supported for no HARQ-ACK bundling case. Alt. 1 and Alt. 3 may also be supported if HARQ-ACK bundling is enabled. 

Proposal 7: For HARQ-ACK feedback for multiple PDSCHs scheduled by one DCI,
· Support HARQ-ACK bundling among PDSCHs scheduled by single DCI.
· Support Alt. 2 (C-DAI/T-DAI is counted per PDSCH) for type 2 HARQ-ACK CB construction. FFS DAI field enhancement required for Alt 2.
· Alt. 1 and Alt. 3 may also be supported if HARQ-ACK bundling is enabled.

5. Conclusion
Proposal 1: FFS how to derive the accurate timeline values for 480/960kHz SCS for NR52.6-71GHz.

Proposal 2: Support DMRS configuration, in which FD-OCC is not applied for 480 kHz and 960 kHz SCS, for Type1 and/or Type 2 DMRS. 
 
Proposal 3: Support new DMRS pattern with increased frequency domain density than the existing DMRS patterns for 480 kHz and 960 kHz SCS.  

Proposal 4: For multi-PDSCH/PUSCH scheduling,
· Multi-PDSCH scheduling can apply to 120kHz in addition to 480kHz and 960kHz SCS.
· Maximum number of PDSCHs or PUSCH scheduled by a DCI can be equal to 8 or larger than 8 (e.g. 16). The maximum number may be different for different SCSs.

Proposal 5: 
· For multi-PUSCH scheduled by single DCI,
· Support Alt 2 (non-contiguous scheduling enhancement) TDRA design for multi-PUSCH scheduling.
· Discuss whether/how a DCI format supporting multi-PUSCH scheduling can support scheduling single PUSCH with repetition.
· CBG based scheduling is not supported when multiple PUSCHs are scheduled by one DCI.
· A-CSI reporting on PUSCH rule in Rel-16 should be reused.
· Support FDRA enhancement to reduce DCI overhead.
· Support frequency hopping for multi-PUSCH scheduling. Newly introduced frequency hopping scheme for multi-PUSCH scheduling can be considered.
· For URLLC related fields, one value of each related field is applied for all scheduled PUSCHs.
· For multi-PDSCH scheduled by single DCI,
· Similar consideration on CBG based transmission, TDRA, and FDRA as multi-PUSCH scheduling can be applied to multi-PDSCH scheduling.
· For multi-PDSCH scheduling, if only supporting HARQ-ACK for PDSCHs scheduled by one DCI on one PUCCH, it is natural only one priority indicator field and open-loop power control field is needed.

Proposal 6: Further study transmitting HARQ-ACKs for multiple PDSCHs scheduled by one DCI on different PUCCHs.

Proposal 7: For HARQ-ACK feedback for multiple PDSCHs scheduled by one DCI,
· Support HARQ-ACK bundling among PDSCHs scheduled by single DCI.
· Support Alt. 2 (C-DAI/T-DAI is counted per PDSCH) for type 2 HARQ-ACK CB construction. FFS DAI field enhancement required for Alt 2.
· Alt. 1 and Alt. 3 may also be supported if HARQ-ACK bundling is enabled.
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Appendix 
Table A-1 Simulation Parameter
	Parameter
	Values 

	Bandwidth
	400 MHz 

	Subcarrier spacing (SCS)
	480 kHz
	960 kHz

	Subcarrier number
	768 (64 RBs)
	384 (32 RBs)

	FFT size
	1024
	512

	CP length
	72 Ts
	36 Ts

	Channel Model
	TDL-A 5ns, 10ns

	MCS
	16

	Phase noise 
	No

	PTRS
	No

	DMRS
	Rel-15 Type1/Type2 DMRS
Full-density DMRS (Proposed)

	Channel estimation 
	LS 
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