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1 Introduction

In RAN1 #104 e-meeting, some agreements on PDSCH/PUSCH enhancements are made for NR 52.6-71GHz,
Agreement:
· The following UE processing timelines are prioritized for discussion

· PDSCH processing time (N1), PUSCH preparation time (N2), HARQ-ACK multiplexing timeline (N3)

· configuration(s)/default values of k0 (PDSCH), k1 (HARQ), k2 (PUSCH)

· CSI processing time, Z1, Z2, and Z3, and CSI processing units

· Note: the order of the above sub-bullets represents the priority for discussion in descending order

Companies are encouraged to provide preferred values/ranges of timelines for discussion
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:
· 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

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.
In this contribution, we focus on PDSCH/PUSCH processing capability, processing timeline and scheduling enhancement for NR 52.6-71GHz.  
2 Discussion
2.1 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 process PDSCH/PUSCH in every slot, since the slot is much shorter than a slot with 15-120kHz SCS. It is possible that UE can only process 1 TB of PDSCH/PUSCH in several slots time span with higher SCS like 480/960kHz. So it is necessary that UE processing capability for PDSCH/PUSCH is defined for higher SCS.

Proposal 1: Further study whether to define 1 TB per N-slot span PDSCH/PUSCH processing capability for SCS 480/960 kHz.
2.2 Processing timeline
For PUSCH scheduled by RAR or by the fallback RAR, preparation time value Δ, as referred to TS 38.214 and copied below, is specified to the PUSCH subcarrier spacing µPUSCH , and is applied in addition to the K2 value. Same as the discussion for N2 value, Δ value should also be considered for new SCS 480/960kHz.
Table 6.1.2.1.1-5: Definition of value Δ
	µPUSCH
	Δ

	0
	2

	1
	3

	2
	4

	3
	6


Proposal 2: For PUSCH scheduled by RAR or by the fallback RAR, Δ value should also be considered for new SCS 480/960kHz.
For PDSCH to HARQ-ACK timing, as shown in TS 38.213, the default K1 value, which is PDSCH-to-HARQ_feedback timing indicator field values in DCI 1-0 map to {1, 2, 3, 4, 5, 6, 7, 8}. With SCS increasing to as large as 480/960 kHz, the default K1 value should accordingly be specified to be larger numbers to accommodate new SCS. From our point of view, the number of default values in K1 set should be restricted to be 8 as maximum, so that the bit-width of PDSCH-to-HARQ_feedback timing indicator field in DCI 1-0 can be kept the same. A possible solution is to separately specify different default K1 value sets for different SCS, and each set with a maximum number of 8 values. For example, for 480 kHz, the default K1 values are {1, 5, 9, 13, 17, 21, 25, 29, 33}, for 960 kHz, the default K1 values are {1, 9, 17, 25, 33, 41, 49, 57}.
Proposal 3: Specify different default K1 value sets for different SCS, and each K1 set with a maximum number of 8 values to keep the K1 bit field in DCI 1-0 unchanged.
Same reason, for RRC configurable K1 value range, which is used when PDSCH is scheduled by DCI 1-1/1-2, the current range of 0~15 should be extended to, for example, 0~128 to cover higher SCS, but the actually configured K1 values in dl-DataToUL-ACK should also be restricted to be 8 at most, so that the PDSCH-to-HARQ_feedback timing indicator field can be kept to 3 bits at most. A possible solution is to separately configure different default K1 value sets for different SCS, and each set with a maximum number of 8 values.
Proposal 4:  RRC configurable K1 value range can be extended to, for example, 0~128 to cover higher SCS. Separately configure different default K1 value sets for different SCS, and each set with a maximum number of 8 values
Another factor that needs to be considered for processing timeline N1/N2 is the PDCCH monitoring pattern. In RAN #90 e-meeting, we have agreed to study multi-slots span PDCCH monitoring.
However, compared with defining PDCCH monitoring capability per single slot, defining PDCCH monitoring capability per multi-slots span would allow gNB scheduling DCI in a bursty way and may cause the UE to spend more time on decoding all the DCIs scheduled in a DCIs burst, which will impact the scheduled PDSCH/PUSCH processing. For example, with maximum number of B1/C1 of BDs/CCEs for PDCCH monitoring per single slot, UE is able to decode the all the DCIs in PDCCH in 1 symbol from the end of the PDCCH. But with maximum number of 4*B1/4*C1 of BDs/CCEs for PDCCH monitoring per 4-slot span and gNB scheduling all the DCIs just in a single slot, UE may need extra 2 symbols to guarantee to decode the all the DCIs in PDCCH, thus cause the decoding time of PDSCH(N1) and preparation time of PUSCH(N2) may need to be extended as well.
Similarly, with CORESET duration larger than 3 symbols, as proposed by some companies in last meeting, PDSCH/PUSCH processing timeline will also be impacted, since potentially UE has to spend more time on PDCCH decoding. 

Proposal 5: Impacts on PDSCH/PUSCH processing time (N1/N2) may need be considered if defining maximum number of BDs/CCEs for multi-slot span PDCCH monitoring and/or with CORESET duration larger than 3 symbols.
2.3 Scheduling enhancements
2.3.1 Maximum number of PDSCHs/PUSCHs scheduled by single DCI

In last meeting, scheduling multiple PDSCHs by single DL DCI and scheduling multiple PUSCHs by single UL DCI are supported. From our view, the scheduled multiple PDSCH/PUSCH will use the same MCS with the same CSI assumption. So the maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI is partially related to SCS. With higher SCS, more PDSCHs or PUSCHs can be scheduled since each slot/OS lasts a shorter duration. For example, with 480 kHz SCS, maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI is 8, while for 960 kHz SCS, maximum number is 16.
Proposal 6: For 480 kHz SCS, maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI is 8, for 960 kHz SCS, maximum number is 16.
2.3.2 Type 2 HARQ-ACK codebook
For Type 2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, we support Alt.1, that is C-DAI/T-DAI is counted per DCI. Alt.1 has the benefit that C-DAI/T-DAI field can still keep the current bit width (2 bit), while for Alt. 2, since a DCI can schedule multiple for example typically 4 or 8 or even 16 PDSCHs, the 2 bit C-DAI/T-DAI field must be extended. For Alt.3, C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable, let’s say M=4. Then how to count C-DAI/T-DAI if the DCI only schedules 3 PDSCHs?
Proposal 7: Support Alt.1 for Type 2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs.
Another issue is how to construct Type 2 HARQ-ACK codebook. If Alt.1 is adopted, a related problem is, the number of scheduled PDSCHs scheduled by each DCI may not be the same, and is not known to UE until it has decoded the DCI successfully. If a DCI is lost, UE can be aware of the miss detection by C-DAI/T-DAI, but UE cannot know the exact number PDSCHs scheduled by the DCI. So the UE doesn’t know how many HARQ-ACK information should be generated for the missed multiple PDSCHs. In this situation, HARQ-ACK codebook misalignment happens between gNB and UE.
A simple solution to eliminate the misalignment would be, for each DCI contained in the Type 2 HARQ-ACK codebook, a fixed size of HARQ-ACK information is generated. For example, if the maximum number of PDSCHs that can be scheduled by a single DCI is 8, then 8 HARQ-ACK information is generated for the DCI, even the number of PDSCHs that are actually scheduled by a single DCI is less than 8. 
Proposal 8: To eliminate Type 2 HARQ-ACK codebook misalignment, for each DCI contained in the Type 2 HARQ-ACK codebook, a fixed size of HARQ-ACK information is generated.
2.3.3 Type 1 HARQ-ACK codebook

For single DCI scheduling multiple PDSCHs, each with different TB, UE should feedback separate HARQ-ACK information for each PDSCH in a PUCCH resource indicated by the DCI. If Type 1 HARQ-ACK codebook feedback are configured, some problem may occur. An example is shown below, a DCI schedules 6 PDSCHs, each in different but contiguous slot, if the K1 set, which can determine the Type 1 HARQ-ACK codebook feedback window, is configured to be {2,3,4,5} , and the k1 in the scheduling DCI is indicated as k1=2, then the feedback window cannot contain all the 6 PDSCHs. That means, the HARQ-ACK of the 6 PDSCHs scheduled by single DCI can not be transmitted in one PUCCH resource, which is conflicted with the agreement in R1 #104 meeting. 
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In order to feedback the Type 1 HARQ-ACK codebook of all the PDSCHs scheduled by single DCI in one PUCCH resource, there should be some restrictions on the configured K1 set, or other solutions should be further studied.
Proposal 9: Some restrictions on the configured K1 set, or other solutions should be further studied to guarantee the Type 1 HARQ-ACK codebook of all the PDSCHs scheduled by single DCI can be feedback in one PUCCH resource.
2.3.4 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 10: For latency sensitive service, separate HARQ-ACK PUCCH resources for multiple PDSCHs scheduled by single DCI can be considered.
2.3.5 HARQ buffer and HARQ-ACK payload

Since the increase in SCS to 480/960 kHz, HARQ process number may need to be extend from the current 16 to 64/128. With so many HARQ processes, Tx/Rx HARQ buffer capacity will need to be enhanced and HARQ-ACK payload optimization may also need to be considered to reduce HARQ-ACK feedback overhead. And from this consideration, CBG (re)transmission does not need to be supported when more than one PUSCHs are scheduled especially when the total HARQ processes is extended to 64/128, so that the HARQ-ACK payload can keep at an acceptable level.
Proposal 11: Tx/Rx HARQ buffer capacity will need to be enhanced if HARQ process number increases for SCS 480/960 kHz.
Proposal 12: Not support CBG (re)transmission when more than one PUSCHs are scheduled especially when the total HARQ processes is extended to 64/128.
2.3.6 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.

For time domain scheduling enhancement, multi-TTI scheduling is supported as a solution to reduce DCI blind decoding. One issue needs to be studied is how to determine the number of scheduled TTIs, and two typical alternatives can be semi-static configuration by RRC information or dynamic indication by DCI. Since the motivation of multi-TTI scheduling is to reduce DCI blind decoding complexity, which is related to UE capability, it seems semi-static configuration by RRC information is suitable.
However, dynamic indication can offer more flexibility and show benefits especially in the following cases,

1, The Tx does not have that much data in buffer to fill in multiple TTIs. For example, the number of scheduled TTIs is semi-statically configured as 4, but Tx has only buffered a few bits and 1 TTI is already enough.
2. When Tx needs to retransmit certain number (not the number of scheduled TTIs semi-statically configured) of TBs.

In the above cases, dynamic indication by DCI can flexibly indicate the number of scheduled TTIs rather than always scheduling fixed number of TTIs thus avoiding unnecessary resource overhead. 
Proposal 13: Support dynamic indication by DCI to determine the number of scheduled TTIs.

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 14: Support to study intra-TTI frequency hopping and its enabling mechanism for multi-TTI scheduling.
3 Conclusions

In this contribution, we focus on PDSCH/PUSCH processing capability, processing timeline and scheduling enhancement for NR 52.6-71GHz.   
Proposal 1: Further study whether to define 1 TB per N-slot span PDSCH/PUSCH processing capability for SCS 480/960 kHz.
Proposal 2: For PUSCH scheduled by RAR or by the fallback RAR, Δ value should also be considered for new SCS 480/960kHz.
Proposal 3: Specify different default K1 value sets for different SCS, and each K1 set with a maximum number of 8 values to keep the K1 bit field in DCI 1-0 unchanged.

Proposal 4:  RRC configurable K1 value range can be extended to, for example, 0~128 to cover higher SCS. Separately configure different default K1 value sets for different SCS, and each set with a maximum number of 8 values
Proposal 5: Impacts on PDSCH/PUSCH processing time (N1/N2) may need be considered if defining maximum number of BDs/CCEs for multi-slot span PDCCH monitoring and/or with CORESET duration larger than 3 symbols.
Proposal 6: For 480 kHz SCS, maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI is 8, for 960 kHz SCS, maximum number is 16.
Proposal 7: Support Alt.1 for Type 2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs.

Proposal 8: To eliminate Type 2 HARQ-ACK codebook misalignment, for each DCI contained in the Type 2 HARQ-ACK codebook, a fixed size of HARQ-ACK information is generated.
Proposal 9: Some restrictions on the configured K1 set, or other solutions should be further studied to guarantee the Type 1 HARQ-ACK codebook of all the PDSCHs scheduled by single DCI can be feedback in one PUCCH resource.
Proposal 10: For latency sensitive service, separate HARQ-ACK PUCCH resources for multiple PDSCHs scheduled by single DCI can be considered.
Proposal 11: Tx/Rx HARQ buffer capacity will need to be enhanced if HARQ process number increases for SCS 480/960 kHz.
Proposal 12: Not support CBG (re)transmission when more than one PUSCHs are scheduled especially when the total HARQ processes is extended to 64/128.
Observation 1: The current DCI 0-2/1-2 can be reused to allow frequency domain resource by multi-PRB granularity.

Proposal 13: Support dynamic indication by DCI to determine the number of scheduled TTIs.

Proposal 14: Support to study intra-TTI frequency hopping and its enabling mechanism for multi-TTI scheduling.
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