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Introduction
In the WID [1], the following parts are included in the objective.
· Physical layer aspects including [RAN1]:
· [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 timing, 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
In this contribution, PDSCH/PUSCH enhancements for above 52.6 GHz operation are discussed.

Discussion
Multi-PUSCH scheduling
In RAN1#104-e meeting [2], the following agreements 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.



CBGTI
In RAN1#105-e meeting [3], the following agreement related to CBGTI was made.
	Agreement:
· At least for 120 kHz SCS, for a DCI that can schedule multiple PUSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI field is not present when more than one PUSCHs are scheduled, but is present when a single PUSCH is scheduled, as in Rel-16.
· FFS:
· For 480/960 kHz SCS, whether to apply the same behavior with 120 kHz SCS or not to support CBGTI field configuration in the DCI that can schedule multiple PUSCHs
· For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, whether/how to configure CBGTI/CBGFI fields


CBG-based transmission is beneficial when time domain channel characteristic is drastically different between symbols where PUSCH is scheduled. However, for 480 kHz and 960 kHz, since slot length is very short, time domain channel characteristic on duration of a slot would be quite similar. Therefore, there is no motivation to support CBG-based transmission for multi-PUSCH scheduling.
Proposal 1: CBG-based transmission should not be supported for multi-PUSCH scheduling for 480/960 kHz SCS.

URLLC related fields
According to TR 38.807 [4], URLLC use case was considered in NR above 52.6 GHz, e.g. factory automation and industrial IoT. Therefore, it is straightforward to support URLLC related fields if NR above 52.6 GHz supports URLLC use case.
Remaining issue is whether multiple PUSCHs scheduled by one DCI indicate the same priority or different priority. If all PUSCH have the same priority, the same DCI overhead as single scheduling is considered. However, scheduling flexibility would be decreased. On the other hand, if it is allowed to carry multiple PUSCHs that have different priority by multi-PUSCH scheduling, scheduling flexibility would be increased. On the other hands, more indication bits will be necessary in this case, which has impact on DCI size. Considering DCI overhead and spec impact, single field related to URLLC should be applied to multiple PUSCH in Rel-17.
Proposal 2: URLLC related fields should be supported for multi-PUSCH scheduling
· Single field related to URLLC should be applied to multiple PUSCHs scheduled by single DCI.

Multi-PDSCH scheduling
In this section, we discuss about multi-PDSCH scheduling

MCS/NDI/RV
In RAN1#104-e meeting [2], the following agreement related to MCS/NDI/RV/HPN was made.
	Agreement:
For a DCI that can schedule multiple PDSCHs,
· MCS for the 1st TB: This appears only once in the DCI and applies commonly to the first TB of each PDSCH
· NDI for the 1st TB: This is signaled per PDSCH and applies to the first TB of each PDSCH
· RV for the 1st TB: This is signaled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the first TB of each PDSCH
· HARQ process number: This applies to the first scheduled PDSCH and is incremented by 1 for subsequent PDSCHs (with modulo operation, if needed)
· FFS:
· MCS/NDI/RV for the 2nd TB for each PDSCH, including whether scheduling of the 2nd TB for each PDSCH can be supported or not
· Details of resource allocation related fields such as VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger
· Whether/how to signal CBGFI/CBGTI if CBGFI/CBGTI is supported for multi-PDSCH scheduling
· Details of fields that are common with multi-PUSCH scheduling, e.g., TDRA, FDRA, priority indicator, including potential enhancements


In current NR spec, 2nd TB is used when the number of transmission layer is greater than 4. It is unlikely to use more than 4 transmission layer on frequencies above 52.6 GHz considering multipath property on mmWave. Therefore, scheduling of 2nd TB for PDSCH is not beneficial for NR above 52.6 GHz.
Observation 1: Scheduling of 2nd TB for each PDSCH is not beneficial for NR above 52.6 GHz.
Even in current NR spec, felids of MCS/NDI/RV for the 2nd TB could be disable when maxNrofCodeWordsScheduledByDCI equals 1. No optimization would be necessary.

CBG-based transmission
As we discussed on section 2.1.1, CBG-based transmission for PDSCH would not be beneficial when symbol length is shorter compared to time varying of fading channel. If CBG-based transmission is supported, DCI overhead would be increased. therefore, CBG-based transmission should not be supported for multi-PDSCH scheduling.
Proposal 3: CBG-based transmission should not be supported for multi-PDSCH scheduling.

Priority indicator
As we discussed on section 2.1.3, it is straightforward to support URLLC related fields if NR above 52.6 GHz supports URLLC use case. Therefore, priority indicator should be supported for multi-PDSCH scheduling.
If only single PUCCH is supported for multi-PDSCH scheduling, there is only one option that multiple PDSCH scheduled by single DCI is the same priority, because low priority HARQ-ACKs are always drooped due to single PUCCH. On the other hand, if multiple PUCCH is supported for multi-PDSCH scheduling, it could be further discussed whether single or multiple fields to indicate priority are applied to multiple PDSCH scheduled by the single DCI. For example, it could be considered that 1st PUCCH is associated with high priority HARQ-ACKs and 2nd PUCCH is associated with low priority HARQ-ACKs, respectively.
Proposal 4: Priority indicator should be supported for multi-PDSCH scheduling
· Further study whether single or multiple fields related to URLLC are applied to multiple PDSCH scheduled by single DCI if multiple PUCCH scheduled by the single DCI is supported.

HARQ feedback/HARQ process
In RAN1#104-e meeting [2], the following agreement related to PUCCH resource 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)


Table 1 and 2 in appendix show PDSCH decoding time N1 for PDSCH processing capability 1 and 2, which is specified in TS 38.214 [2]. For PDSCH processing capability 1, PDSCH decoding time N1 is more than 20 symbols if SCS is 120 kHz. Although PDSCH decoding time N1 for 480 kHz and 960 kHz SCS has not been decided, based on processing time N1 in the case of 120 kHz SCS, we can predict that processing time N1 for 480 kHz and 960 kHz SCS would be about 80 symbols (5.7 slots) and 160 symbols (11.4 slots), respectively. This implies that HARQ feedback latency would be higher for 480 kHz and 960 kHz SCS.
Large HARQ feedback delay causes shortage of HARQ process. Figure 1 shows issue about HARQ process shortage. In the case of 960 kHz SCS, 8 slots span of PDCCH monitoring occasion would be reasonable, considering the same PDCCH monitoring frequency as 120 kHz SCS. However, as mentioned above, PUCCH cannot be scheduled in a slot where K1 is less than 12 slots. In this case, the situation that PDSCH cannot be scheduled in several slots may happen since all HARQ processes are occupied. Since DL resource will not be efficiently utilized, it causes degradation of DL throughput.
[image: ]
Figure 1. Shortage of HARQ process caused by higher HARQ feedback timing
To solve such issue, the following three options could be considered.
1. Multiple PUCCH resource indication by one DCI
2. Multiple DCI in a slot
3. Increasing the number of HARQ process 
For option 1 and option 2, since multiple HARQ feedback timing could be indicated, HARQ feedback delay could be decreased and HARQ process could be released earlier. However, for option 1, since multiple PRI and PDSCH-to-HARQ_feedback timing indication needs to be contained in one DCI, DCI size would be increased. For option 2, although DCI size is not changed, PDCCH blocking would be increased since multiple DCIs are scheduled in the same CORESET. Moreover, it has impact on UE implementation complexity because UE has to decode more than one DCI in a slot. Option 3 can solve the issue on shortage of HARQ process and would be less specification impact since the support of increasing the number of HARQ processes has already agreed and been specifying in Rel-17 NTN. However, HARQ feedback delay is not improved by option 3. Moreover, it has impact on UE implementation since more HARQ buffer needs to be implemented.
Proposal 5: If PDSCH processing time is long, at least one of the following solutions should be considered
1. Multiple HARQ feedback timing indication by one DCI
2. Multiple DCI in a slot
3. Increasing the number of HARQ process 

DAI
In RAN1#104-e meeting, the following agreement related to DAI 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


Alt 1 is similar approach for sub-codebook of CBG-based and TB-based transmission. In Alt 1, single PDSCH scheduling and multi-PDSCH scheduled are associated with different HARQ-ACK sub-codebook. If missed PDCCH is detected, UE would reserve N HARQ-ACK bits where N is the maximum configured number of PDSCHs scheduled by one DCI, regardless of the number of actual scheduled PDSCHs. Therefore, Alt 1 would lead increasing HARQ-ACK payload size.
Compared to Alt 1, Alt 2 could keep small HARQ-ACK payload size because HARQ-ACK codebook size depends on the number of actual scheduled PDSCHs, while C-DAI/T-DAI size needs to be increased. Considering the benefit of Type-2 HARQ codebook is smaller HARQ-ACK payload size compared to Type-1 HARQ codebook, Alt 2 would be more preferable design for Type-2 HARQ codebook.
Proposal 6:C-DAI/T-DAI for multi-PDSCH scheduling should be counted per PDSCH.

Conclusions
In this contribution, based on the above discussion, we have the following observations and proposals:
Proposal 1: CBG-based transmission should not be supported for multi-PUSCH scheduling for 480/960 kHz SCS.
Proposal 2: URLLC related fields should be supported for multi-PUSCH scheduling
· Single field related to URLLC should be applied to multiple PUSCHs scheduled by single DCI.
Observation 1: Scheduling of 2nd TB for each PDSCH is not beneficial for NR above 52.6 GHz.
Proposal 3: CBG-based transmission should not be supported for multi-PDSCH scheduling.
Proposal 4: Priority indicator should be supported for multi-PDSCH scheduling
· Further study whether single or multiple fields related to URLLC are applied to multiple PDSCH scheduled by single DCI if multiple PUCCH scheduled by the single DCI is supported.
Proposal 5: If PDSCH processing time is long, at least one of the following solutions should be considered
1. Multiple HARQ feedback timing indication by one DCI
2. Multiple DCI in a slot
3. Increasing the number of HARQ process 
Proposal 6:C-DAI/T-DAI for multi-PDSCH scheduling should be counted per PDSCH.
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Appendix
The following tables are PDSCH processing time specified in TS 38.214 [5].

Table 1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 'pos0' in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ 'pos0' in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24



Table 2: PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 'pos0' in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1
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