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1. Introduction
The WI extends NR operation up to 71GHz considering new SCS such as 480kHz and 960kHz was agreed in RAN meeting #90-e. Enhancements for multi-PDSCH/PUSCH scheduling with a single DCI should be specified. In RAN1 meeting #104-e, the following principles regarding multi-PDSCH/PUSCH scheduling with a single DCI were made:

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.

This contribution mainly discusses the potential enhancements to multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI, as well as potential enhancement to DMRS pattern.
2. Multi-PUSCH scheduling with a single DCI
In RAN1 meeting #104-e, the following agreements regarding multi-PUSCH scheduling with a single DCI were made:
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.

· CBG-TI
In FR1 NR-U, CBG (re)transmission is not supported when more than one PUSCHs are scheduled. If both multi-PUSCH scheduling and CBG (re)transmission are configured, the CBG (re)transmission related fields when one PUSCH is scheduled, e.g., CBG-TI, can be interpreted as scheduling information for multi-PUSCH, e.g., RV, NDI, etc., when more than one PUSCHs are scheduled, so the total size of DCI format 1_1 wouldn’t become too large. In the new FR, we don’t see a strong motivation of introducing CBG (re)transmission when more than PUSCHs are scheduled, and if supported, the size of DCI format 1_1 would be much larger. So we prefer to not support CBG (re)transmission when more than one PUSCHs are scheduled.
Proposal 1: CBG (re)transmission is not supported when more than one PUSCHs are scheduled.
· CSI-request
There are two rules of CSI request:

· one is following Rel-15 rule: the PUSCH that carries the AP-CSI feedback is the first PUSCH that satisfies the multiplexing timeline.
· the other is following Rel-16 NR-U rule: if the number of scheduled multi-PUSCH is smaller than or equal to 2, the AP-CSI feedback is carried on the last PUSCH, otherwise, the AP-CSI feedback is carried on the penultimate PUSCH.
Considering the potential high probability of LBT success, it is fine to following either the first rule or the second rule. But for simplicity, a same rule should be applied for AP-CSI feedback. 
Proposal 2: A same rule should be applied for AP-CSI feedback on scheduled PUSCH. 
· TDRA
In NR-U, the gNB can configure a set of TDRAs for UE through RRC parameters. In the configured TDRA set, each row of the TDRA set includes m TDRA allocations for m contiguous PUSCHs, and the value range of m is from 1 to 8. The same configuration in NR-U with the potential update of the value m, i.e., Alt 1, can be considered.
If non-contiguous PUSCHs scheduled by TDRA table are identified to be beneficial to support, the above NR-U method can be enhanced by allowing configure non-contiguous TDRAs in time domain, i.e., Alt 2, to support both contiguous PUSCHs and non-contiguous PUSCHs allocation. 

For Alt 3, we don’t see any benefits but complexity, so we prefer not to support Alt 3. 

Proposal 3: If non-contiguous PUSCH transmission is identified to be beneficial, then Alt 2 is supported, otherwise, Alt 1 is supported. 
· FDRA
The maximum number of the active BWP for the new FR is the same as that for FR 1 and FR2, we don’t think it is necessary to increasing RBG size or changing allocation granularity in frequency domain. 

Proposal 4: There is no need to change the granularity of FDRA. 
· Frequency hopping
Similar to multi-beam transmission, inter-PUSCH/intra-PUSCH frequency hopping is beneficial to provide diversity gain for PUSCH reception, so frequency hopping can be considered.  

Proposal 5: Inter-PUSCH/intra-PUSCH frequency hopping for scheduled PUSCHs can be considered.
· URLLC related fields
Currently, URLLC service is only supported in FR 1 and not supported in FR2. Whether to support URLLC service or not in the new FR in Rel-17 is not discussed. Therefore, it is preferred to consider the URLLC related fields in later release, after there is agreement on supporting URLLC service. 
Proposal 6: Do not apply URLLC related fields for scheduling PUSCHs in Rel-17.
3. Multi-PDSCH scheduling with a single DCI

This section mainly discusses the scheduling and HARQ-ACK feedback aspects of multi-PDSCH scheduling with a single DCI. 

3.1. Multi-PDSCH scheduling
In RAN1 meeting #104-e, the following agreement regarding multi-PDSCH scheduling with a single DCI was made.

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. 

In our view, the above considerations of multi-PUSCH scheduling are applicable to multi-PDSCH scheduling except for TDRA allocation. 
For non-contiguous PDSCH resource allocation, there is a legacy mechanism, i.e., resource allocation for slot aggregation transmission that one TDRA allocation can indicate multiple PDSCH with the same starting point and the same ending point in the corresponding slot, as illustrated in Figure 1. This legacy method is efficient, requires less signaling overhead and should be supported in addition to the mechanisms similar to the above Alt 1/Alt 2 for multi-PUSCH. 
Proposal 7: The mechanism of resource allocation for slot aggregation should be supported for multi-PDSCH in addition to the mechanisms similar to Alt 1/Alt 2 for multi-PUSCH.
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Figure 1: Resource allocation in slot aggregation mechanism
3.2. HARQ-ACK feedback
In RAN1 meeting #104-e, the following agreement regarding K1 indication was made.

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)

As multiple PDSCHs being scheduled by a single DCI is to be supported in R17, it is worthwhile investigating the timing relationship between the PDSCH and PUCCH, in which the HARQ-ACK information is reported. In legacy systems, a DCI schedules a PDSCH, thus, one-to-one timing relationship is a natural choice. But moving towards multiple PDSCHs scheduling, there may be different options for this timing relationship. The first option is to use a one to multiple PDSCH mapping, e.g. one K1 value for all scheduled PDSCHs. Although this option is straightforward, it raises a question: as the K1 needs to consider the latest PDSCH processing time, it will inevitably increase the time interval between the first scheduled PDSCH and the corresponding PUCCH reporting. To make it more efficient, we can consider the second option, where there can be two K1 values, each for a different group of PDSCHs. These two K1 correspond to two PUCCH reporting, an earlier PUCCH is used to report earlier scheduled PDSCH group. 
Proposal 8: Separate the scheduled Consider two PUCCH resources allocated for two PDSCH groups, an earlier PUCCH is used to report HARQ-ACK information of the earlier PDSCH group. 
In current spec, Type-1 HARQ-ACK codebook, Type-2 HARQ-ACK codebook, eType-2 HARQ-ACK codebook and Type-3 HARQ-ACK codebook are supported. Accordingly, the feedback of Type-1 HARQ-ACK codebook, Type-2 HARQ-ACK codebook, eType-2 HARQ-ACK codebook, or Type-3 HARQ-ACK codebook for multi-PDSCH scheduling with different TBs with a single DCI should be supported. For Type-3 HARQ-ACK codebook, since the feedback is not related to PDSCH scheduling, enhancement seems not needed.
If Type-1 HARQ-ACK codebook is configured, and if multi-PDSCH scheduling with different TBs with a single DCI is also configured for a UE, then the UE should determine the PDSCH reception candidates within the HARQ feedback window by considering the scheduled PDSCH number. That is to say, the definition of PDSCH reception candidates needs to be enhanced. 
Proposal 9: The definition of PDSCH reception candidates for Type-1 HARQ-ACK codebook needs to be enhanced. 
In RAN1 meeting #104-e, the following agreement regarding Type-2 HARQ-ACK codebook generation was made.

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 the above alternatives, we prefer not to change the meaning of C-DAI/T-DAI, so C-DAI/T-DAI counting per PDSCH is preferred. If Type-2 or eType-2 HARQ-ACK codebook is configured, and if multi-PDSCH scheduling with different TBs with a single DCI is also configured for a UE, extending the size of C-DAI/T-DAI fields is beneficial to reduce the impact of losing DCIs, hence the UE and the gNB can have the same understanding on the codebook.
Proposal 10: For Type-2/eType-2 HARQ-ACK codebook for multi-PDSCH scheduling with different TBs with a single DCI, C-DAI/T-DAI is counted per PDSCH. 
4. DMRS enhancement
In RAN1 meeting #104-e, the following agreements regarding DMRS enhancements were made.

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 

With the introduction of 480kHz and 960kHz SCSs in the new frequency range for data and control transmission, the performance of Type-1 CDM DMRS pattern and Type-2 CDM DMRS pattern will deteriorate due to the lack of the orthogonality in frequency domain. To enhance the performance, a new DMRS pattern is proposed as shown in Figure 2. The performance comparisons among Type-1 DMRS pattern, Type-2 DMRS pattern and the new DMRS pattern are summarized in Table 1. The detailed simulation assumptions and results can be found in our companion contribution [2].
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Figure 2: Proposed new DMRS pattern
Table 1: Performance comparison for different DMRS patterns at 10% BLER
	
	960kHz
	480kHz
	120kHz

	
	Type-1
	Type-2
	New
	Type-1
	Type-2
	New
	Type-1
	Type-2
	New

	MCS 16
	CDM
	Inf
	20dB
	18.5dB
	17.4dB
	17.4dB
	16.6dB
	18dB
	18.4dB
	18dB

	
	FDM
	17.2dB
	18.5dB
	17.4dB
	16.4dB
	17.1dB
	16.5dB
	17.9dB
	18.3dB
	17.9dB


From Table 1, the following observations can be made.

· For 960kHz SCS, the proposed new CDM pattern can bring around 2dB performance gain compared to Type-2 CDM pattern, while Type-1 CDM pattern cannot meet the 10% BLER requirement in this case.

· For 480kHz SCS, the proposed new CDM pattern can bring around 1dB performance gain compared to Type-1 or Type-2 CDM patterns.

· For 120kHz SCS, the proposed new CDM pattern and Type-1 CDM pattern share similar performance, and slightly outperform the performance of Type-2 CDM pattern. 

· The proposed new FDM pattern and Type-1 FDM pattern share similar performance, and outperform the performance of Type-2 FDM pattern in all the evaluated cases.
Proposal 11: Enhancements to DMRS pattern for 480kHz and 960kHz SCSs in the new frequency range should be supported. 
5. Conclusion

This contribution mainly discusses the potential enhancements to multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI, as well as potential enhancement to DMRS pattern. The following proposals are made. 
Proposal 1: CBG (re)transmission is not supported when more than one PUSCHs are scheduled.
Proposal 2: A same rule should be applied for AP-CSI feedback on scheduled PUSCH. 

Proposal 3: If non-contiguous PUSCH transmission is identified to be beneficial, then Alt 2 is supported, otherwise, Alt 1 is supported. 
Proposal 4: There is no need to change the granularity of FDRA. 
Proposal 5: Inter-PUSCH/intra-PUSCH frequency hopping for scheduled PUSCHs can be considered.
Proposal 6: Do not apply URLLC related fields for scheduling PUSCHs in Rel-17.
Proposal 7: The mechanism of resource allocation for slot aggregation should be supported for multi-PDSCH in addition to the mechanisms similar to Alt 1/Alt 2 for multi-PUSCH.
Proposal 8: Separate the scheduled Consider two PUCCH resources allocated for two PDSCH groups, an earlier PUCCH is used to report HARQ-ACK information of the earlier PDSCH group. 

Proposal 9: The definition of PDSCH reception candidates for Type-1 HARQ-ACK codebook needs to be enhanced. 
Proposal 10: For Type-2/eType-2 HARQ-ACK codebook for multi-PDSCH scheduling with different TBs with a single DCI, C-DAI/T-DAI is counted per PDSCH. 
Proposal 11: Enhancements to DMRS pattern for 480kHz and 960kHz SCSs in the new frequency range should be supported. 
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