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1. Introduction
In the RAN meeting #90-e, the revised WID of “Extending current NR operation to 71GHz” was agreed [1] with the following objectives for RAN1:

	· Physical layer aspects including [RAN1]:
· In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 

Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz

· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 

· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.

· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.

· Note: coverage enhancement for SSB is not pursued.

· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation

· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
       Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.

· Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 

· 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.

· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.

· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 


This WI extends NR operation up to 71GHz considering new SCS such as 480kHz and 960kHz. Enhancements for multi-PDSCH/PUSCH scheduling with a single DCI and potential enhancement to DMRS pattern should be specified, as marked in green. This contribution mainly discusses the potential enhancements to multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI, as well as DMRS.

2. Multi-PUSCH scheduling with a single DCI
Multi-PUSCH scheduling with different TBs and different HARQ processes with a single DCI has already been supported in FR1 NR-U. In NR-U deployment, the gNB can configure DCI format 0_1 to support this feature. More specifically, the gNB can configure a set of time domain resource assignments (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. For each scheduled PUSCH, 1-bit RV indication and 1-bit NDI indication corresponds to the scheduled PUSCH are indicated in the DCI. 
The above mechanism should be baseline to support multi-PUSCH scheduling with a single DCI for 480kHz and 960kHz in the new frequency range. Potential enhancements, e.g., supporting scheduling of multiple non-contiguous PUSCHs with a single DCI, could be further studied. 
Proposal 1: The multi-PUSCH scheduling mechanism in NR-U should be baseline to support the multi-PUSCH scheduling with different TBs with a single DCI for 480kHz and 960kHz SCSs in the new frequency range.
3. Multi-PDSCH scheduling with a single DCI

It was agreed to support multi-PDSCH scheduling with different TBs with a single DCI for 480kHz and 960kHz in the new frequency range. This section mainly discusses the scheduling and HARQ-ACK feedback aspects of multi-PDSCH scheduling with a single DCI. 

3.1. Multi-PDSCH scheduling
The gNB can configure DCI format 1_1 or introduce a new DCI format to support multi-PDSCH scheduling with different TBs with a single DCI. For each scheduled PDSCH, at least 1-bit RV indication and 1-bit NDI indication corresponds to the scheduled PDSCH should be indicated in the DCI. For the scheduled multiple PDSCHs, the first HARQ process number is indicated by the HARQ PN field in the DCI and the later HARQ process number is derived from the first HARQ process number. With respect to the time domain resource allocation, there are two fashions we could look at: 1) the TDRA follows similar principle to multi-PUSCH resource allocation in R16 NRU; and 2) taking advantage of slot-aggregation principle. 
For the first fashion, similar to multi-PUSCH scheduling with a single DCI, the gNB can configure a set of time domain resource assignments (TDRAs) for UE through RRC parameters. In the configured TDRA set, each row of the TDRA set includes n TDRA allocations for n PDSCHs, where the n PDSCHs are contiguous in time domain, as shown in Figure 1(a). 
For the second fashion, similar to PDSCH slot aggregation transmission, the gNB can configure a set of time domain resource assignments (TDRAs) for UE through RRC parameters. In the configured TDRA set, each row of the TDRA set includes the scheduled PDSCH number n and one TDRA allocation for the n PDSCHs. The n PDSCHs are located in n contiguous slots in time domain and each PDSCH occupies the same symbols in the corresponding slot, as shown in Figure 1(b). 
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Figure 1(a): TDRA fashion following R16 multi-PUSCH scheduling principle
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Figure 1(b): TDRA fashion following slot aggregation principle
Proposal 2: TDRA design can follow either R16 NRU multi-PUSCH principle or slot aggregation principle. 
3.2. HARQ-ACK feedback
In Rel-15 NR, HARQ-ACK feedback mechanisms include Type-1 HARQ-ACK codebook and Type-2 HARQ-ACK codebook. Type-1 HARQ-ACK codebook is also called semi-static codebook, the codebook size is fixed and the codebook content is generated according to the PDSCH reception candidates within the semi-statically determined HARQ feedback window. Type-2 codebook is also called dynamic codebook, and the codebook size and the codebook content is generated dynamically according to the scheduled PDSCHs within the HARQ feedback window. 
In Rel-16 NR-U, two additional HARQ-ACK feedback mechanisms, eType-2 HARQ-ACK codebook and Type-3 HARQ-ACK codebook are introduced. Both eType-2 HARQ-ACK codebook and Type-3 HARQ-ACK codebook can support HARQ-ACK retransmission. The eType-2 HARQ-ACK codebook is enhanced based on Type-2 HARQ-ACK codebook. In the feedback mechanism of eType-2 HARQ-ACK codebook, the gNB can group each scheduled PDSCH and explicitly indicate the group-related feedback information for the PDSCH, so that the UE can generate and transmit group-based HARQ-ACK codebook according to the received group-related feedback information for the PDSCH. The Type-3 codebook is used for one-shot HARQ-ACK feedback, and it includes HARQ-ACK information corresponding to all the HARQ processes of one UE for all the configured cells in a PUCCH group.
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.
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, then the UE should re-interpret the HARQ-ACK feedback related fields, e.g., C-DAI and T-DAI in DCI by considering the scheduled PDSCH number when the DCI schedules multi-PDSCH transmission, hence the UE and the gNB can have the same understanding on the codebook.
Proposal 3: Enhancements to Type-1 HARQ-ACK codebook, Type-2 HARQ-ACK codebook and eType-2 HARQ-ACK codebook for multi-PDSCH scheduling with different TBs with a single DCI should be supported. 
4. DMRS enhancement
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. This new DMRS pattern can provide obvious performance gain over Type-1 and Type-2 DMRS patterns in some evaluated cases, as shown in Figure 3.
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Figure 2: Proposed new DMRS pattern
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Figure 3: Comparison of Type-1, Type-2 and new DMRS pattern for 960kHz SCS
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].
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 4: Enhancements to DMRS pattern for 480kHz and 960kHz SCSs in the new frequency range should be supported. 
5. Conclusion

In this contribution the potential enhancements to multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI, as well as DMRS are discussed. The following proposals are made. 
Proposal 1: The multi-PUSCH scheduling mechanism in NR-U should be baseline to support the multi-PUSCH scheduling with different TBs with a single DCI for 480kHz and 960kHz SCSs in the new frequency range.
Proposal 2: TDRA design can follow either R16 NRU multi-PUSCH principle or slot aggregation principle. Proposal 3: Enhancements to Type-1 HARQ-ACK codebook, Type-2 HARQ-ACK codebook and eType-2 HARQ-ACK codebook for multi-PDSCH scheduling with different TBs with a single DCI should be supported. 
Proposal 4: Enhancements to DMRS pattern for 480kHz and 960kHz SCSs in the new frequency range should be supported. 
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