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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
Maximum bandwidth
Legacy NR supports up to 400 MHz bandwidth for FR2. In 802.11 ad/ay systems, it has been specified that a unit of LBT bandwidth is 2.16 GHz. If NR devices transmit signals using a channel with bandwidth less than 2.16 GHz, an 802.11 ad/ay device may not estimate the existence of the NR transmissions on the given channel accurately, leading to an increased probability of collision between NR and 802.11 ad/ay. Like for NR-U using 5 GHz unlicensed spectrum, considering co-existence with NR and 802.11 ad/ay, channelization should be aligned in a co-existence environment. It is important that 3GPP aligns the bandwidth with other communication systems in the unlicensed band to provide competitive wideband service. Therefore, at least support of 2.16 GHz bandwidth should be considered. 
To occupy 2.16 GHz bandwidth, we have 2 alternatives: (1) to support new wider bandwidth (e.g. 2.16 GHz) on a single carrier; or (2) to use existing bandwidth (e.g. 400 MHz) on multiple carriers (e.g. 5 carriers), as per the following agreement.
	Agreement:
Study single carrier and multi carrier operations for achieving wide bandwidth utilization, while at least considering aspects such as control signaling overhead, transceiver complexity, spectral efficiency, etc.



Although we support both the solutions of single carrier and multi carrier (CA), CA has some drawbacks. In terms of the control signalling overhead, a DCI has to be carried on each carrier to schedule PDSCH/PUSCHs on each carrier since multi-carrier scheduling by one DCI is not supported. For complexity, although a single RF front-end can be used for intra-band contiguous CA, a device has to have multiple baseband circuits for each carrier to operate CA, which causes an increase in implementation complexity. For spectral efficiency, the guard-band between carriers cannot be utilized for transmission in CA operation, while the guard-band can be utilized in a single carrier. Therefore, single carrier would be more preferable.
Observation 1: CA (either inter-band or intra-band) can be supported, but we prefer not to rely on CA with maximum bandwidth 400MHz per carrier to achieve 2.16GHz bandwidth.

Therefore, since it was agreed that the maximum FFT size is 4096 points, a 960 kHz SCS is required (960 kHz x 4096 = 3.93216 GHz > 2.16 GHz) to support 2.16 GHz bandwidth.
Proposal 1: Maximum bandwidth supported using a 960 kHz SCS should be 2.16 GHz.

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.



For Rel-16 NR-U, multi-PUSCH scheduling which is continuous in time-domain was desirable to reduce the number of Tx/Rx switching. On the other hands, for NR above 52.6 GHz, multi-PUSCH scheduling would be beneficial not only for unlicensed operation but also for licensed operation to reduce PDCCH monitoring occasion. If continuous allocation is only supported, PDCCH transmission opportunity would be reduced. In order to make DL gap during multi-PUSCH alocation, non-continuous allocation should be supported.
Proposal 2: Support Alt2: 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

According to TR 38.807 [3], 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 overhead.
Proposal 3: Support URLLC related fields
· Further study whether single or multiple fields related to URLLC are applied to multiple PUSCH scheduled by single DCI.

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

DCI format
For Rel-16 multi-PUSCH scheduling, the TDRA field can indicate single or multiple contiguous PUSCHs in the multiple scheduled slots. Since the same mechanism can be used for multi-PDSCH scheduling, no new DCI format (e.g. DCI format 1_3) is needed for multi-PDSCH scheduling.
Proposal 4: No new DCI format is needed for multi-PDSCH scheduling.

TDRA
As similar discussion in section 2.2, it would be desirable to make UL gap during multi-PDSCH scheduling, e.g. PUCCH/PRACH/SRS transmission opportunity, otherwise UL scheduling would be quite restricted. Therefore, the same manner as multi-PUSCH scheduling should be adopted for multi-PDSCH scheduling.
Proposal 5: For multi-PDSCH scheduling, TDRA table should be extended.
· Multiple PDSCHs scheduled by one DCI can be non-continuous allocation in time-domain.

HARQ feedback/HARQ process
In RAN1#104-e meeting [b2], 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 6: 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 would work only when the number of HARQ-ACKs associated with multi-PDSCH scheduling is not dynamically changed. If the number of HARQ-ACKs is changed, misalignment of HARQ CB size between gNB and UE would be occurred when PDCCH cannot be detected. Since the number of HARQ-ACKs depends on the number of scheduled PDSCHs, there would be undesirable restriction for multi-PDSCH scheduling when alt 1 works.
Alt 2 can work even when the number of HARQ-ACKs associated with multi-PDSCH scheduling is changed since DAI in later PDCCH could count the number of missed PDSCH scheduled by earlier PDCCH when the earlier PDCCH cannot be detected. Although DAI size may need to be increased, it would be less specification impact on type 2 HARQ CB procedure.
Proposal 7:C-DAI/T-DAI for multi-PDSCH scheduling should be counted per PDSCH.

NR-U related fields
LBT is required for 60 GHz unlicensed operation, which means the case that HARQ-ACKs cannot be transmitted due to LBT failure sometime occurs. In Rel-16 NR-U, to recover missed HARQ-ACK transmission due to LBT failure, enhanced Type-2 HARQ CB and Type-3 HARQ CB has been introduced. it is straightforward to support NR-U HARQ enhancement features (non-numerical K1, enhanced Type-2 HARQ CB, and Type-3 HARQ CB) also for multi-PDSCH scheduling on 60 GHz unlicensed operation.
If single PUCCH is only supported for multi-PDSCH scheduling, no enhancement from Rel-16 NR-U is necessary. On the other hands, if multiple PUCCH is supported for multi-PDSCH scheduling, NR-U related fields may need to be enhanced e.g. multiple fields (one-shot HARQ-ACK request, PDSCH group index, NFI, and number of requested PDSCH groups) needs to be contained in one DCI and each fields corresponds to each PUCCH.
Proposal 8: Support NR-U HARQ enhancement features (Non-numerical K1, enhanced Type-2 HARQ CB, and Type-3 HARQ CB) for multi-PDSCH scheduling.
· Further study how to indicate/determine PDSCH group if multiple PUCCH for multi-PDSCH scheduling is supported.

DCI for multi-PDSCH/PUSCH scheduling
Multi-PDSCH/PUSCH may cause increasing DCI overhead compared to current DCI format 1_1. Large DCI size would cause increasing DCI decoding error and large delay due to retransmissions. In the case that a lot of DCI overhead for multi-scheduling is required, DCI enhancement may need to be additionally considered, e.g. 2-stage DCI that DCI information is separated to 2 different DCIs.
Observation 2: DCI enhancement may need to be additionally considered in the case that a lot of DCI overhead for multi-PDSCH/PUSCH scheduling is required.

DMRS enhancements for PDSCH/PUSCH
In RAN1#104-e meeting [2], the following agreement was made.
	Agreement:
· Existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 120 kHz SCS.
· At least existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
· Further study on whether to introduce different DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
· Further study on whether and how to restrict DMRS port configuration (e.g., the number of DMRS ports) as in FR2 for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS


DMRS mapping in the frequency domain was designed, considering coherence bandwidth which depends on the delay spread of the channel. In Rel-15/16 NR, configuration type 1 and type 2 are defined. For a certain DMRS port, DMRS are allocated at interval of 2 subcarriers for DMRS configuration type 1, while for DMRS configuration type 2, 2 consecutive allocated DMRSs have a 4 subcarrier gap between them.
For above 52.6 GHz, new SCSs (480 kHz and 960 kHz) will be introduced. Since the subcarrier spacing of 480 kHz and 960 kHz would be 4/8 times as larger than that of 120 kHz, the interval of 2 consecutive DMRSs would become proportionately wide. However, since the delay spread doesn’t decrease in proportion to the increase of SCS, Rel-15/16 DMRS mapping in frequency domain would not be appropriate. For an environment with large delay spread, DMRS mapping with high density in the frequency domain (e.g. DMRS allocated in all subcarriers) needs to be considered for the new SCSs.
Proposal 9: High frequency dense DMRS mapping should be supported for new SCS

Conclusions
In this contribution, based on the above discussion, we have the following observations and proposals:
Observation 1: CA (either inter-band or intra-band) can be supported, but we prefer not to rely on CA with maximum bandwidth 400MHz per carrier to achieve 2.16GHz bandwidth.
Proposal 1: Maximum bandwidth supported using a 960 kHz SCS should be 2.16 GHz.
Proposal 2: Support Alt2: 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
Proposal 3: Support URLLC related fields
· Further study whether single or multiple fields related to URLLC are applied to multiple PUSCH scheduled by single DCI.
Proposal 4: No new DCI format is needed for multi-PDSCH scheduling.
Proposal 5: For multi-PDSCH scheduling, TDRA table should be extended.
· Multiple PDSCHs scheduled by one DCI can be non-continuous allocation in time-domain.
Proposal 6: 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 7:C-DAI/T-DAI for multi-PDSCH scheduling should be counted per PDSCH.
Proposal 8: Support NR-U HARQ enhancement features (Non-numerical K1, enhanced Type-2 HARQ CB, and Type-3 HARQ CB) for multi-PDSCH scheduling.
· Further study how to indicate/determine PDSCH group if multiple PUCCH for multi-PDSCH scheduling is supported.
Observation 2: DCI enhancement may need to be additionally considered in the case that a lot of DCI overhead for multi-PDSCH/PUSCH scheduling is required.
Proposal 9: High frequency dense DMRS mapping should be supported for new SCS
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Appendix
The following tables are PDSCH processing time specified in TS 38.214.

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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