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1 Introduction

In RAN1 #106 e-meeting, some agreements on PDSCH/PUSCH enhancements are made for NR 52.6-71GHz,
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.
Agreement:
The maximum number of PDSCHs/PUSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 120, 480 and 960 kHz.
FFS: Whether UE capability is introduced for restricting the maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI
Agreement:
If a scheduled PDSCH/PUSCH is dropped due to collision with UL/DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, HARQ process number increment is skipped for the PDSCH/PUSCH and applied only for valid PDSCH(s)/PUSCH(s).

FFS: HARQ process number determination for the case where a scheduled PDSCH/PUSCH collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) if the UE is configured to monitor DCI format 2_0.

Agreement:
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).

Agreement:

Consider the following options to construct type-2 HARQ-ACK codebook when CBG operation is configured, and down-select to one of the following options in RAN1#106bis-e.
· Option 1: HARQ-ACK bits corresponding to CBG-based PDSCH reception and multi-PDSCH reception are merged into the same sub-codebook.
· Option 2: HARQ-ACK bits corresponding to CBG-based PDSCH reception and HARQ-ACK bits corresponding to multi-PDSCH reception are contained in separate sub-codebooks.
· Option 3: UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.
· Note: Multi-PDSCH reception refers to the case where multiple PDSCHs are scheduled by a DCI that is configured with TDRA table containing at least one row with multiple SLIVs.
In this contribution, we discuss some remaining issues about multi-slot PDSCH/PUSCH scheduling.
2 Discussion
2.1 Maximum number of PDSCHs/PUSCHs scheduled by single DCI

In last meeting, maximum number of PDSCHs/PUSCHs that can be scheduled with a single DCI in Rel-17 is determined as 8 for SCS of 120, 480 and 960 kHz, and FFS on Whether UE capability is introduced for restricting the maximum number. From our view, the number of PDSCHs or PUSCHs that is suitable to be scheduled with a single DCI is related to time variation of the channel since the scheduled multiple PDSCH/PUSCH will use the same MCS with the same CSI assumption. And within time variation restriction, if a UE can support N PDSCH/PUSCH scheduled by a DCI, we don’t think it is necessary to block UE to process another more PDSCH/PUSCH scheduled by a DCI.  
Proposal 1: No support of introducing UE capability for restricting the maximum number.
2.2 K1 set determination for Type 1 HARQ-ACK codebook
In last meeting the agreement of #105 e-meeting was revised as.
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
After a long discussion, it is now clear that R16 procedure can already handle pruning of multiple SLIVs in a DL slot, which means the Type 1 HARQ-ACK codebook can already support multiple PDSCH scheduling within one slot. So what we need to do is to determine a new K1 set, that can contain all the multiple PDSCHs scheduled by a single DCI, no matter what k1 value is indicated in the DCI, and avoid unnecessary DL slots in the new K1 set. Here we take a formula to accurately express our solutions,
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In the formula, L is the total number of k1 elements in K1 set configured by gNB or specified. R is the number of rows containing multiple {mapping type, k0, SLIV} in the TDRA table. Mr is the number of {mapping type, k0, SLIV} pairs in the rth row. k0r,min is the minimum value of k0 among all the k0 values of the rth row.
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 is the new K1 set. And to make it more easy to understand, the following pseudo code is propsed,

Initialize 
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for  i = 0: L-1

for  r =0: R-1

    for  m =0: Mr -1
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end
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end
And it is worth to note that, even with a new K1 set, the k1 valued indicated in the scheduling DCI can only be chosen from the original K1 set instead of the new K1 set.
Proposal 2: For Type 1 HARQ-ACK codebook, if multi-slot PDSCH is configured, the new K1 set is determined as 
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,and the k1 value indicated in the scheduling DCI can only be chosen from the original K1 set instead of the new K1 set.
2.3 Multiple PDSCH scheduled in one slot
In last meeting it was discussed whether to restrict multiple PDSCH scheduled within one slot. And the motivation of the discussion is to simply Type 1 HARQ-ACK codebook design. However, it turned out that R16 procedure can already handle pruning of multiple SLIVs in a DL slot, which means the Type 1 HARQ-ACK codebook can already support multiple PDSCH scheduling within one slot. So from this perspective, it is OK to schedule multiple PDSCHs in one slot by a single DCI. And what may affect the issue is UE capability, that is whether UE, by its capability, support multiple PDSCH scheduling in one slot or not.     
Proposal 3: For single TRP operation, for 480/960 kHz SCS,

· 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.
2.4 CBG operation
In last meeting CBG operations and how it will impact Type 2 HARQ-ACK codebook generation. From our understanding, CBG (re)transmission is only beneficial when multiple CBGs within a TB can experience time variant channel, so that some CBG going through bad channel quality may fail the decoding while as some other CBG going through good channel quality can be correctly received. So performance this feature is tightly related to the time duration of a PDSCH. With SCS as high as 120/480/960KHz, even a 14 symbol PDSCH may not be able to experience any time variation. And if CBG operation is configured for such cases, the HARQ-ACK codebook size is increased by M(CBG number in a TB) times with little benefits. Since we still have so many other topics to be discussed, we propose not to support configure both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group, or at least to deprioritize this topic. 
Proposal 4: Not support to configure both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.
2.5 Reserving HARQ ID of multi-slot PDSCH scheduling exceeding the COT
Since the number of multiple PDSCHs that can be scheduled by a DCI is configured by the TDRA table, there may be the case when the scheduled multiple PDSCH exceed the COT boundary. And when UE is configured to monitor DCI 2-0, which contains COT duration information, and has successfully received such DCI 2-0, and determined when the COT will end, a reasonable behavior of UE is to stop receiving the PDSCH(s) exceeding the COT. But there still are the cases when UE is not configured to monitor DCI 2-0, or is configured but has not successfully received, in those cases, UE would not be able to know when will the COT end and a reasonable behavior of UE is receiving the PDSCH(s) indicated by the scheduling DCI even if some of them has exceeded the COT.
To consider the above two situations, as to whether to reserve HARQ ID for the PDSCH(s) exceeding the COT, a more general assumption that is suitable for both situations is, for gNB and UE, the HARQ ID for the PDSCH(s) exceeding the COT is/are still reserved, and the HARQ-ACK PUCCH resource for the scheduled multi-slot PDSCH is determined by the last PDSCH among the multiple PDSCHs scheduled by a single DCI.
Proposal 5: For multi-slot PDSCH scheduling, the HARQ ID for the PDSCH(s) exceeding the COT is/are still reserved. 
Proposal 6: For multi-slot PDSCH scheduling, the HARQ-ACK PUCCH resource for the scheduled multi-slot PDSCH is determined by the last PDSCH among the multiple PDSCHs scheduled by a single DCI, even if the last PDSCH exceeds the COT.
2.6 Channel access type indication in single DCI

It was agreed in RAN1-104b e-meeting that a DCI can schedule multiple PUSCH and the multiple PUSCHs can be non-continuous in time-domain. It means that there is interruption between two PUSCHs. With unlicensed spectrum, channel access is necessary before each interruption time. While in Rel-16 only one channel access type is indicated in DCI since multiple PUSCHs must be continuous. For the case of non-continuous multiple PUSCHs scheduled by a single DCI, it is straight forward to indicate more than one channel access mechanisms for each continuous time units.  

Proposal 7: Support to indicate more than one channel access types in a single DCI.
2.7 Separate HARQ-ACK PUCCH for multi-TTI scheduling PDSCHs
In last meeting, it is agreed that 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. And whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s) can be further studied. From our view, HARQ-ACK feedback in one PUCCH is more resource efficient but may cause extra feedback delay especially for the PDSCH which is located in the earlier part among the multiple PDSCHs. This extra delay may not be acceptable when the PDSCH/HARQ-ACK corresponds to latency sensitive service, for example, URLLC. So for latency sensitive service, separate HARQ-ACK PUCCH resources for multiple PDSCHs scheduled by a single DCI can be considered.
Proposal 8: For latency sensitive service, separate HARQ-ACK PUCCH resources for multiple PDSCHs scheduled by single DCI can be considered.
2.8 Resource allocation

For FDRA, whether/how to enhance FDRA e.g., by increasing RBG size or changing allocation granularity is FFS. From our understanding, a coarser granularity such as multiple PRBs can reduce the bit size of scheduling DCI, and is reasonable since there would be less opportunity for FDM between UEs due to narrower beam width. To allow multi-PRB granularity, the current DCI 0-2/1-2 can be reused. DCI 0-2/1-2 is motivated by URLLC traffic to provide compact DCI format, and can allocate frequency domain resource by multi-PRB granularity.
Observation 1: The current DCI 0-2/1-2 can be reused to allow frequency domain resource by multi-PRB granularity.

With multiple TTI being scheduled in single DCI, very possibly only one frequency resource allocation is indicated in the DCI to keep a compact DCI size. However with PDSCH/PUSCH scheduled in the same frequency resource location over multiple TTIs, frequency domain diversity is not well tapped. Potential solution can be intra-TTI frequency hopping, so hopping pattern and enabling mechanism can be studied. 
Meanwhile, is the system is on unlicensed band, for wideband operation, similar concept as “available RB sets” can be adopted. So multi-TTI frequency hopping should be restricted on available RB sets. 
Proposal 9: Support to study intra-TTI frequency hopping and its enabling mechanism for multi-TTI scheduling.
2.9 PDSCH/PUSCH processing capability
In current spec, UE processing capability for PDSCH/PUSCH with SCS 15-120kHz can be 1/2/4/7 TB per slot, and the processing capability will be reported by UE to gNB. But in NR 52.6-71GHz with SCS as large as 480/960kHz, it is quite a challenge to be able to, or not necessary to process PDSCH/PUSCH in every slot, since the slot is much shorter than a slot with 15-120kHz SCS. So it is necessary that UE processing capability for PDSCH/PUSCH is defined based on multi-slot group.

Proposal 10: UE capability for processing PDSCH/PUSCH per X slot-group for SCS 480/960 kHz should be defined.
3 Conclusions

In this contribution, we focus on PDSCH/PUSCH processing capability, and scheduling enhancement for NR 52.6-71GHz.   
Proposal 1: No support of introducing UE capability for restricting the maximum number.
Proposal 2: For Type 1 HARQ-ACK codebook, if multi-slot PDSCH is configured, the new K1 set is determined as 
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,and the k1 value indicated in the scheduling DCI can only be chosen from the original K1 set instead of the new K1 set.
Proposal 3: For single TRP operation, for 480/960 kHz SCS,

· 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.
Proposal 4: Not support to configure both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.

Proposal 5: For multi-slot PDSCH scheduling, the HARQ ID for the PDSCH(s) exceeding the COT is/are still reserved.

Proposal 6: For multi-slot PDSCH scheduling, the HARQ-ACK PUCCH resource for the scheduled multi-slot PDSCH is determined by the last PDSCH among the multiple PDSCHs scheduled by a single DCI, even if the last PDSCH exceeds the COT.

Proposal 7: Support to indicate more than one channel access types in a single DCI.
Proposal 8: For latency sensitive service, separate HARQ-ACK PUCCH resources for multiple PDSCHs scheduled by single DCI can be considered.
Observation 1: The current DCI 0-2/1-2 can be reused to allow frequency domain resource by multi-PRB granularity.

Proposal 9: Support to study intra-TTI frequency hopping and its enabling mechanism for multi-TTI scheduling.

Proposal 10: UE capability for processing PDSCH/PUSCH per X slot-group for SCS 480/960 kHz should be defined.
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