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Introduction
[bookmark: _Hlk75330915][bookmark: _Hlk510705081]The work item on supporting NR from 52.6 GHz to 71 GHz was approved at RAN#90-e (see a later revision in [1]). Before that 3GPP carried out a study on required changes to NR using existing DL/UL waveform to support operation between 52.6 GHz and 71GHz [1]. This contribution deals with the following objectives of the WID:
· [bookmark: _Hlk58583563]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.
· 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 enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
· 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. 

[bookmark: _Hlk79049376]Multi-PxSCH scheduling
[bookmark: _Hlk79048467]TB disabling mechanism for multi-slot PDSCH configured with 2CWs is an open item after RAN1#107-e. 
· how to disable a TB when bit-width of RV field corresponding to a PDSCH is one and the RV field cannot indicate RV index 1
In Rel-15 NR, one TB between two TBs can be disabled when MCS=26 & RV index=1. 
There are three alternatives discussed in RAN1#107-e.
· Alt 1: For the M bits for indicating RV information for a given TB in a DCI format scheduling more than one PDSCH, a predefined value vector can be used to indicate the given TB is disabled for all PDSCHs scheduled by the DCI format, e.g. assuming M = 8, the 8-bit RV corresponding to a TB in the DCI format can be set to ‘11111111’ to indicate the TB is disabled for all PDSCHs scheduled by the DCI format.
· Alt 2: For each PDSCH scheduled by a DCI format scheduling more than one PDSCH, a given TB can be disabled individually, i.e. a 1-bit RV for the given TB and for a PDSCH scheduled by the DCI format can be set to a predefined value, e.g. ‘1’, to indicate the given TB of the PDSCH is disabled.
· Alt 3: To indicate that the second TB is disabled for a certain DCI that schedules multiple PDSCHs, use a combination of MCS and rvid such that rvid bit of PDCSH i-1 is the complement of the one of PDSCH i for i=1 : number of maximum PDSCHs -1
From our point of view, maximal reuse of the existing solution is preferred. In other words, we don’t see a need for specific optimization for this scenario. This means that Alt1 is our preference, and the combination MCS=26 and ‘1’ for RV bit fields for all PDSCHs associated with the TB should be used to indicate the second TB is disabled.  

Proposal 1: The combination MCS=26 and ‘1’ for RV bit fields for all PDSCHs associated with the TB is used to indicate the second TB is disabled.

[bookmark: _Hlk79048570]	
Remaining items on HARQ-ACK feedback
In RAN1#107e, HARQ-ACK time domain bundling was introduced for type-1 and type-2 HARQ-ACK codebook. Other remaining items on the HARQ-ACK feedback enhancements were agreed. 
Agreement
For multi-PDSCH scheduling with a single DCI
· Introduce a new RRC parameter, e.g., enableTimeDomainHARQ-Bundling, to enable time domain bundling operation for type-1 HARQ-ACK codebook per serving cell.
· If the RRC parameter enables time domain bundling operation,
· To determine the set of candidate PDSCH reception occasions,
· A row index is removed if at least one symbol of every PDSCH associated with the row index is configured as semi-static UL. (NOTE: This is similar to the case of slot aggregated PDSCH in Rel-16)
· Pruning procedure in Rel-16 is performed based on the last configured SLIV of each row index.
· Logical AND operation is applied across all valid PDSCHs associated with a determined candidate PDSCH reception occasion, at least for 1-TB case.
· FFS: UE does not expect the last scheduled SLIV overlaps with a semi-static UL symbol when parameter enableTimeDomainHARQ-Bundling is configured
Agreement
For multi-PDSCH scheduling with a single DCI
· Introduce a new RRC parameter, e.g., numberOfHARQ-BundlingGroups, to configure the number of HARQ bundling groups with value range {1, 2, 4} for type-2 HARQ-ACK codebook per serving cell.
· If the RRC parameter is not configured for a serving cell, time domain bundling for type-2 HARQ-ACK codebook is not enabled for the serving cell.
· The maximum number of PDSCHs allocated to each bundling group is ceil(NPDSCH,MAX/NHBG) where NHBG is the number of bundling groups configured by numberOfHARQ-BundlingGroups for a serving cell and NPDSCH,MAX is the maximum configured number of PDSCHs for the serving cell.
· The PDSCHs corresponding to [configured or valid] SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI are allocated to the bundling groups, e.g., if NHBG =4, NPDSCH,MAX =8, and 5 PDSCHs are scheduled, then 2/1/1/1 PDSCHs are assigned to each group, by reusing CBG grouping method.
· For a group that is empty or is filled with only invalid PDSCH(s), HARQ-ACK bits for the bundling group is set to NACK (same principle as when no time bundling configured)
· Logical AND operation is applied to across all valid PDSCHs within the same bundling group to generate 1 HARQ-ACK bit per group, at least for 1-TB case
· If the number of HARQ bundling groups is configured as 1 for a serving cell, HARQ-ACK bits corresponding to any DCI for the serving cell belong to the first sub-codebook.
· At least for 1-TB case, if the number of HARQ bundling groups is configured as larger than 1 for a serving cell, HARQ-ACK bits corresponding to multi-PDSCH scheduling case (which implies a multi-PDSCH DCI schedules more than one PDSCH) for the serving cell belong to the second sub-codebook,
· Where the number of HARQ-ACK bits corresponding to a multi-PDSCH DCI is determined based on the maximum of Q value across all serving cells within the same PUCCH cell group, and Q=maximum configured number of PDSCHs for a cell without numberOfHARQ-BundlingGroups configured or Q=number of configured HARQ bundling groups for a cell with numberOfHARQ-BundlingGroups configured
HARQ-ACK time domain bundling with type-1 HARQ-ACK codebook
On HARQ-ACK time domain bundling, some items remained open. For type-1 HARQ-ACK codebook, there were discussion whether it is the last configured SLIV or the last valid SLIV that is used in Rel-16 pruning procedure. As one outcome of this discussion, it was left for further study whether the last scheduled SLIV can overlap with a semi-static UL symbol when time domain bundling is configured. As can be seen from [3], time domain bundling for type-1 HARQ-ACK codebook can be defined efficiently even without such restriction. Correspondingly, we do not see need for the restriction.    
[bookmark: _Hlk79048643]Proposal 2: Last scheduled SLIV can overlap with a semi-static UL symbol also when parameter enableTimeDomain-HARQ-Bundling is configured.

In the definition of time domain bundling for type-1 HARQ-ACK codebook, it is said in 38.213 CR [3]:  
If enableTimeDomainHARQ-Bundling is provided
-	set 
-	set  to the set of row indexes that include the last SLIV of each row of set 
The definition of  as set of row indexes is confusing as later it becomes apparent that  is a set of rows. We propose that this is clarified with:
 Text proposal for38.213 9.1.2.1: 
If enableTimeDomainHARQ-Bundling is provided
-	set 
-	set  to the set of rows indexes that include the last SLIV of each row of set 

Proposal 3: In 38.213 9.1.2.1 for type-1 HARQ-ACK codebook, when enableTimeDomainHARQ-Bundling is provided,  the definition of  is clarified as “set of rows that include the last SLIV of each row of set ”.
HARQ-ACK time domain bundling with type-2 HARQ-ACK codebook
In the case of type-2 HARQ-ACK codebook, an issue on the definition of transport block groups (or HARQ bundling groups) remained open. It was left open whether it is the PDSCHs that correspond to the configured SLIVs or to the valid SLIVs that are allocated to the transport block groups. 
Both options can be used to define HARQ-ACK feedback in reliable manner. Allocation of valid PDSCHs can be expected to provide a benefit as it occasionally results in a smaller number of valid PDSCHs per transport block group, hence, reducing the negative impact from HARQ-ACK bundling. However, the configuration of HARQ-ACK bundling and the number of transport block groups is expected to be such that the HARQ-ACK bundling induces only insignificant loss of positive ACKs due to bundling also when all scheduled PDSCHs are valid. The occasional benefit from allocating only valid PDSCHs to the transport block groups is also expected to be marginal. Hence, we can accept both options but have a slight preference for allocation of configured PDSCHs as slightly more straightforward approach.      
Proposal 4: In HARQ-ACK time domain bundling for type-2 codebook, allocation of PDSCHs corresponding to the configured SLIVs in a TDRA row indicated by the scheduling DCI to the transport block groups is slightly preferred. 
[bookmark: _Hlk68078441]
Conclusion
In this contribution we have discussed the PDSCH/PUSCH enhancements to support operation between 52.6 GHz and 71 GHz. Based on the simulation results and discussion we make the following proposals:
Proposal 1: The combination MCS=26 and ‘1’ for RV bit fields for all PDSCHs associated with the TB is used to indicate the second TB is disabled.

Proposal 2: Last scheduled SLIV can overlap with a semi-static UL symbol also when parameter enableTimeDomain-HARQ-Bundling is configured.

Proposal 3: In 38.213 9.1.2.1 for type-1 HARQ-ACK codebook, when enableTimeDomainHARQ-Bundling is provided,  the definition of  is clarified as “set of rows that include the last SLIV of each row of set ”.
Proposal 4: In HARQ-ACK time domain bundling for type-2 codebook, allocation of PDSCHs corresponding to the configured SLIVs in a TDRA row indicated by the scheduling DCI to the transport block groups is slightly preferred. 
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