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1. Introduction
[bookmark: _Hlk49520809][bookmark: OLE_LINK19]The work item on supporting NR from 52.6 GHz to 71 GHz was update and approved in RAN#90-e meeting [1]; objectives of WI are listed in the following.
	· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120 KHz SCS, specify new SCS, 480 KHz and 960 KHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480 KHz to 960 KHz
· Time line related aspects adapted to 480 KHz and 960 KHz, e.g., BWP and beam switching timing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120 KHz SCS for SSB and 120 KHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240 KHz, 480 KHz, 960 KHz) for SSB, and additional SCS (480 KHz, 960 KHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480 KHz, 960 KHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· Specify timing associated with beam-based operation to new SCS (i.e., 480 KHz and/or 960 KHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
       Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
· [bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 
· Evaluate, and if needed, specify the PTRS enhancement for 120 KHz SCS, 480 KHz SCS and/or 960 KHz SCS, as well as DMRS enhancement for 480 KHz SCS and/or 960 KHz SCS.


In this document, issues on PDSCH/PUSCH enhancements for up to 71GHz operation are discussed, including time line related aspects, multi-PDSCHs/PUSCHs scheduled by a single DCI and Type-1/Type-2 HARQ-ACK code book generation.
2. Potential impacts of physical signal/channel with higher SCS 
· PDSCH processing time (N1) and PUSCH preparation time (N2)
In previous meeting [8], it was agreed that N1/N2 value for 480/960 KHz SCS is scaled, and the absolute time duration is not changed comparing to 120 KHz SCS, the detail values of capability 1 are copied as follows. 
Table 1 PDSCH processing time arrange 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

	3 (120 kHz)
	20
	24

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]5 (480 kHz)
	80
	96

	6 (960 kHz)
	160
	192



Table 2 PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	3 (120 kHz)
	36

	5 (480 kHz)
	144

	6 (960 kHz)
	288


Moreover, it was agreed that other values of N1/N2 for NR operation with 480 and/or 960 kHz SCS in Rel-17 is not supported in Ran1#106b-e [9]. It is also understood that there is no necessity to define N1/N2 for capability2.

Proposal 1:  It is understood that there is no necessity to define N1/N2 for capability2 for 480 and/or 960 kHz SCS in Rel-17.

· On k0, k1, k2 configuration(s)
It was identified that appropriate configuration(s) of k0 (PDSCH scheduling), k1 (HARQ-ACK feedback timing), K2 (PUSCH scheduling) can be studied for supporting the new subcarrier spacing SCS=480 KHz/960 KHz. 

K0 is defined as the number of slots from the scheduling DCI to the scheduled PDSCH transmission. K0 is included in the TDRA table for dynamic indication of PDSCH transmission. As specified in section 5.1.2 of [4], the range of k0 would not be affected by UE PDCCH monitoring capability if both same slot and cross slot scheduling are supported. The range of k0 value should not be changed for 480 KHz and 960 KHz SCS.  

K1 is defined as the slot number from the end of scheduled PDSCH to the first symbol of PUCCH carrying HARQ-ACK feedback. The default value k1= {1, 2, 3, 4, 5, 6, 7, 8} will be used if UE is in idle mode or if RRC does not configure the k1 value. The range of k1 value shall match PDSCH processing time (N1). Generally, the time duration between the last symbol of PDSCH and the first symbols of PUCCH shall be more than N1. Otherwise, the UE can’t feedback the HARQ-ACK information on the scheduled slot.

	Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, decide the set of values for PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 in RAN1#107-e.
· Option 1: {4, 8, 12, 16, 20, 24, 28, 32} for 480 kHz and {8, 16, 24, 32, 40, 48, 56, 64} for 960 kHz
· Option 2: {7, 8, 9, 10, 11, 12, 13, 14} for 480 kHz and {13, 14, 15, 16, 17, 18, 19, 20} for 960 kHz
· Option 2a: {1, 2, 3, 4, 5, 6, 7, 8} (same as in existing specification)
· Note: the actual slot offset of k1 is the indicated value + offset where offset is ceil(N1/14)
Other options are not precluded 



For option 1,the default k1 value is scaled by 4 for 480 kHz and is scaled by 8 for 960 kHz, this option can provide wider range  k1 value for “PDSCH-to-HARQ_feedback timing indicator”.  For example, the smallest value is 4 and largest value is 32 for 480 kHz . Meanwhile, the scaled scheme has a limitation on scheduling flexibility, if  different  HARQ-ACK feedback information  of  multi-PDSCHs are scheduled  to one PUCCH resource, the distance between  two scheduled last valid PDSCH shall be  4 or multiple of 4. An example is shown in the following figure.


Figure 1: The last PDSCH positon scheduled by 2nd DCI is limited

As shown above figure, it is assumed that the last PDSCH scheduled by 1st DCI is located on slot 1 and  k1 is 12, that  the PUCCH resource for carrying HARQ-ACK information  is indicated on slot 13. If gNB wants to transmit 2nd  DCI  to  schedule  PDSCH(s) and corresponding  HARQ-ACK carried by PUCCH resource also located on slot 13，there are only two candidate  position of  last PDSCH  due to default k1 value limitation . More ever, the k1 value of 4 for 480 kHz and 8 for 960 kHz cannot be used in actual scheduling progress, since the delay of PUCCH transmission is less than duration of N1 symbols defined for 480 or 960 kHz.

Option 2 and Option 2a has same principle, the difference is the way it is specified. By adding slot offset of k1, the purpose is to ensure the distance between last symbol of PDSCH and PUCCH carrying HARQ-ACK is at least more than duration of N1 symbols. In Option 2 for 480 kHz, the default value of k1= {7, 8, 9, 10, 11, 12, 13, 14} for 480 kHz, it means that slot offset of k1 is 6 (equal to floor( (N1=96)/14)),  we think the k1 offset is reasonable since existing specification default value is started from 1， and  value of  (1 + floor( (N1/14) ) is equal to ceil(N1/14).
As agreement in previous meeting, N1= 96/ 192 corresponding to 480/960 kHz SCS, 
According to the analysis described above, the option 2 and option 2a can be modified as following 
· Option 2: {7, 8, 9, 10, 11, 12, 13, 14} for 480 kHz and {13,14, 15, 16, 17, 18, 19, 20,21} for 960 kHz
· Option 2a: {1, 2, 3, 4, 5, 6, 7, 8} (same as in existing specification)
Note: the actual slot offset of k1 is the indicated value + offset where offset is ceil floor (N1/14)
 
Proposal 2: Option 2 or option 2a can be supported for default k1 value, and words modified as following
· Option 2: {7, 8, 9, 10, 11, 12, 13, 14} for 480 kHz and {13,14, 15, 16, 17, 18, 19, 20,21} for 960 kHz
· Option 2a: {1, 2, 3, 4, 5, 6, 7, 8} (same as in existing specification)
Note: the actual slot offset of k1 is the indicated value + offset where offset is ceil floor (N1/14)

	Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, the value range for k2 is 0 ~ 128.
Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, the value range of k1 indicated in RRC is -1 ~ 127 for DCI format 1_1 and 0 ~ 127 for DCI format 1_2.
Note: this does not imply that DCI format 1_2 supports multi-PDSCH scheduling



In Rel-15/Rel-16, to guarantee UE has enough time to receive and decode the PDSCH, the value of k1 that indicated by DCI is limited, the details rule in TS 38.214 is copied as following
	-------------text in section5.3 in TS38.214--------------------

[bookmark: _Hlk45742881][bookmark: _Hlk500865557][bookmark: _Hlk508187268]If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged, then the UE shall provide a valid HARQ-ACK message.



It was agreed that the value range for k1 is -1 ~ 128 for 480 kHz and/or 960 kHz SCS in [9], and it is understood that not all k1 values can be used by DCI indication, for example, at least the value of 0-13 for SCS =960 kHz is not expected to be indicated to UE. Moreover, the parameter is introduced to compute PDSCH processing procedure time more accurately, since this parameter has little effect, the determining scheme for    of R15/R16 can be reused. So it is suggested that the same rule for PDSCH processing procedure time in section 5.3 of TS 38.214[4] is applied for multi-PDSCHs transmission,
For the same reason, for multi-PUSCHs transmission, the same rule for PUSCH preparation procedure time defined in section 6.4 of TS38.214 [4] is applied.
Proposal 3: For multi-PUSCHs transmission, the same rule for PUSCH preparation procedure time in section 6.4 of TS38.214 is applied.

Proposal 4: For multi-PDSCHs transmission, the same rule for PDSCH processing procedure time in section 5.3 of TS 38.214 is applied.

[bookmark: OLE_LINK40][bookmark: OLE_LINK41]2.2 PDSCH/PUSCH scheduling design
· On restrictions of 4 maximum PDSCHs for 480KHz SCS 
Previously RAN1 agreed the maximum number of PDSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 480 and 960 KHz. It was also discussed whether restrictions for 480 KHz (lower the maximum PDSCHs to 4) is needed but no conclusion was reached.

The total duration of 8 PDSCHs will be 0.125ms for SCS of 960 KHz, and this is equal to the duration of one slot of 120 KHz SCS. Therefore, UE can keep the same PDCCH blind detection capability as for operation with 120 KHz SCS. When the maximum number of PDSCHs is 8 for 480 KHz SCS, the total duration will be 0.25ms; this does not require a new capability for PDCCH blind detection. Moreover, the maximum number of PDSCHs scheduled by a DCI can be configured by RRC, so the actual value can be 4 or even less if it is necessary. 

Proposal 5: For SCS of 480 KHz, it is not needed to restrict the maximum number of PDSCHs to 4.
· On out of order scheduling of multiple PDSCHs
	Agreement:
For two multi-PDSCH (or two multi-PUSCH) scheduling DCIs, UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI to lead to out-of-order scheduling.
· FFS: whether to allow OOO scheduling for the following two cases:
· for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH)
· for the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV
Note: The above FFS aspect applies only to multi-PDSCH and multi-PUSCH scheduling with single DC


In R15/R16, out of order scheduling is not supported because it may affect pipeline of PDSCH processing and make procedure of decoding PDSCH become more complicated. For the same reason, the out of order scheduling for multiple PDSCHs by a DCI is not supported. The following two cases as described below are shown in the following figure.

  
Figure 2: Scenarios for out of order scheduling for multiple PDSCHs
In the case-1 of figure 2， one PDSCH is scheduled in slot 3 by DCI-2,and multiple PDSCHs scheduled are in slot 1/4/5 are scheduled by DCI-2. In case-2，multiple PDSCHs scheduled are consecutive slots, but those PDSCHs are interlaced. Those two cases may interrupt the PDSCH receiving pipeline, for example, the different DCIs may include different scheduling parameters (e.g. different QCL indication, different SLIV), and the UE shall switch different parameters between the two DCI(s) scheduling PDSCH(s). 
Proposal 6: For scheduling multi-PDSCH (or multi-PUSCH), the following two OOO cases are not supported.
· for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH)
· for the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV

· (de)activation of SPS (or CG) by using multi-PDSCH (or multi-PUSCH) scheduling DC 
In Rel-15/Rel-16, when a SPS configuration is activated by a DCI format 1_1, only one PDSCH is scheduled, and UE expects only single SLIV-based row is indicated. But for multiple PDSCHs scheduling, all entries in TDRA may have more than one valid SILVs, and gNB cannot find a single SLIV-based row. For this reason, UE should follow one rule to know which one SLIV is used for SPS active DCI and which SLIV is used to compute the k1 value. The most simple way is that UE regards only one PDSCH is scheduled even the indicating row index of SLIVs include two or more valid SLIV(s).The PDSCH time domain  and k1 can be determined  as following .
· PDSCH time domain : the UE obtains  the PDSCH time domain information from first valid SLIV 
· K1 value: the UE compute PUCCH slot timing carrying the HARQ-ACK based on first valid SLIV...
The same method can be used for SPS release.
Proposal 7: for (de)activation of SPS (or CG) by using multi-PDSCH (or multi-PUSCH) scheduling DCI, Both the PDSCH time domain and k1 value are obtained based on first valid SLIV.
· On  2nd  transport block transmission  for multi-PDSCH scheduling 
	Agreement:
For a DCI that can schedule multiple PDSCHs, and if RRC parameter configures that two codeword transmission is enabled,
· MCS for the 2nd TB: This appears only once in the DCI and applies commonly to the 2nd TB of each PDSCH
· NDI for the 2nd TB: This is signaled per PDSCH and applies to the 2nd TB of each PDSCH
· RV for the 2nd 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 2nd TB of each PDSCH
FFS: the maximum number of PDSCHs when 2 TB is enabled or when 2 TB is scheduled


According to the agreements on bits fields of multi-PDSCHs scheduling, if the maximum number of PDSCHs can be scheduled by one DCI is configured as 8， and  2nd TB transmission  is enabled by RRC configuration, there are 21 bits needed for 2nd TB MCS/NDI/RV indication, and a total 42 bits are needed for 1st /2nd TB. This will decrease PDCCH coverage performance for a given CCE level. There are two possible schemes to overcome the worse coverage issues as follows: 
Option 1: The maximum of PDSCH scheduled is reduced by configuration
When two codeword transmission is enabled (e.g. maxNrofCodeWordsScheduledByDCI=2), the maximum of PDSCH can be scheduled is re-configured, for example, the number is decreased from 8 to 4. For this case, there are the total 26 bits used for two TBs MS/NDI/RV indication as shown following table
Table 3 bits field for two transport blocks transmission (option 1)
	Bit fields
	MCS
	RV
	NDI

	1st  TB  in DCI
	5 bits
	4 bits
	4 bits

	2nd  TB in DCI
	5 bits
	4 bits
	4 bits



The scheme of option-1 can be performed by gNB implementation. For example, when gNB configures 2nd TB is enable (e.g. maxNrofCodeWordsScheduledByDCI=2), TDRA parameters in PDSCH-config is updated and the maximum of PDSCH can be scheduled is limited only within 4.
Option 2: The maximum of PDSCH scheduled is limited by scheduling
For this option, the number of additional bits for 2nd TB MCS/NDI/RV indication depends on the detail scheme. One possible scheme is only additional 5 bits of MCS indication for 2nd TB. And the bits of NDI/RV are borrowed from bit fields of 1st TB. The following table is an example.
Table 4 bits field for two transport blocks transmission (option 2)
	Bit filed 
	MCS-1
	MCS-2
	RV
	NDI
	Note

	1st  TB  in DCI
	5 bits
	
	8 bits
	8 bits
	One TB transmission is allowed

	1st  TB  in DCI
	5 bits
	
	4 bits
	4 bits
	First 4-bits for RV/NDI of 1st  TB

	2nd  TB in DCI
	
	5 bits
	 4 bits
	4 bits
	Second 4-bits for RV/NDI of 2nd TB


Both option 1 and option 2 use 21 bits for two TBs MCS/NDI/RV indications, option 1 has no further standard work. Option 2 is more flexible for PDSCH scheduling, but it will introduce complexity of DCI bits fields design.
Proposal 8:  The gNB can implement limitation on maximum number of PDSCHs when 2 TB is enabled or when 2 TB is scheduled, and there is no further specification needed.

2.3 HARQ-ACK codebook enhancements
2.3.1 Type-1 HARQ-ACK codebook
On type-1 HARQ-ACK codebook enhancement for one DCI schedule multiple PDSCHs, the following agreements were reached in the last meeting [9], which is shown below.
	Agreement: (RAN1#106-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


The principle of type-1 HARQ-ACK codebook generation is that gNB is allowed to schedule each row index of TDRA to indicate SLIVs information for multiple PDSCHs, and the DCI also can indicate any k1 value within k1 set defined by RRC. An example is given to show the procedure of type-1 HARQ ACK generation.
To start, gNB configures the k1 set and TDRA parameters by RRC. In this example, it is assumed that k1 set is {3, 4, and 5}; therefore there are a total of three k1value that DCI can utilize. TDRA is configured for multiple PDSCHs scheduling, and the maximum of PDSCHs can be scheduled is 6. The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH is 6.
Table-5 TDRA for multiple PDSCHs scheduling
	Row index
	SLIV1
	SLIV2
	SLIV3
	SLIV4
	SLIV5
	SLIV6
	SLIV7
	SLIV8

	0
	S=2;L=12
K0=0
	
	
	S=2;L=12
K0=3
	S=2;L=12
K0=4
	S=2;L=12
K0=5
	S=2;L=12
K0=6
	S=2;L=12
K0=7

	1
	
	
	S=2;L=12
K0=2
	S=4，L=8
K0=3
	S=2;L=12
K0=4
	S=2;L=12
K0=5
	S=2;L=12
K0=6
	S=2;L=12
K0=7




Figure 3 Possible candidate PDSCH occasions
To generate type-1 HARQ-ACK codebook, both the k1 loops and row index loops of TDRA are implemented according to current agreements. It is assumed that k1 is looped first, and then row index is looped as in following steps. 
· For k1=3, the row index=0 and 1 are looped, and slot 7,9,10,11,12,13,14 are set as candidate PDSCH reception occasion 
· For k1=4, the row index=0 and 1 are looped, and slot 6,8,9,10,11,12,13 are set as candidate PDSCH reception occasion 
· For k1=5, the row index=0 and 1 are looped, and slot 5,7,8,9,10,11,12 are set as candidate PDSCH reception occasion.
Considering k1=3/4/5 are possible to indicate PUCCH timing information, and the candidate PDSCH reception occasions construction shall include all possible cases, the result of possible occasions include slot 5,6,7,8,9,10,11,12,13,14. Altogether, a total of 10 candidate PDSCH occasion is generated for HARQ-ACK feedback. 
But from this TDRA parameter and k1 set value, although there are three k1 values that can be used, it is obvious that at most only one DCI can be sent to schedule multiple PDSCH. For example, if gNB has sent a DCI and it indicates row index=1 and k1=5. For this case, there are only two slots (slot 13/14) can be scheduled, and these two slots can allocate at most two PDSCHs. For either row index=0 or row index=1, the PDSCHs number are more than 2. So, for those k1 set and TDRA parameters, only one DCI scheduling multiple PDSCHs is allowed for a given PUCCH, and number of candidates PDSCH reception occasion is 6.
Observation 1: For a given PUCCH carrying type-1 HARQ-ACK, the number of DCIs can be sent by gNB is less than the number of k1, and the redundant PDSCH occasions will be generated if all k1 values are looped.
For a DCI scheduling single PDSCH and a special PUCCH carrying HARQ-ACK, each k1 value can be indicated, and number of DCIs can be sent is equal to number of k1 value . But for a DCI scheduling multiple PDSCHs, one prior DCI that indicates k1 value and a row index of TDRA table may block a later DCI scheduling of another k1 value and row index of TDRA table. So for a given cell, the scheme on pruning of PDSCH occasion can be focused on the maximum number of DCI that can be scheduled for a special PUCCH carrying HARQ-ACK. 
The following step is shown as the possible enhancement on type-1 HARQ ACK generation.
Step-1:
It is assumed that first DCI is transmitted by gNB. The k1 value of first DCI is the largest value in K1 set, and the candidate PDSCH occasion number is M1. M1 is equal to the maximum number of PDSCHs can be scheduled by a DCI according to TDRA parameters configured by RRC.
As shown the example in table-9 and figure 4, M1 is 6, and k1 value is 5.
Step-2:
UE computes the maximum number of DCIs that can be transmitted with in the slot duration is max(K1_set) – min (K1_set) when the first DCI was occurred, which is denoted as n_DCI. The computed the candidate PDSCH occasions was denoted as M2. There are three cases for n_DCI, and UE can compute candidate PDSCH occasions according to different cases.
· Case 1:  n_DCI =0 
In this case, gNB will not transmit any DCI when the first DCI is scheduled. And the M2 is 0. 
· Case 2: n_DCI =1
In this case, gNB will transmit at most one DCI when the first DCI is scheduled. And the M2 is maximum number of PDSCHs can be scheduled by a DCI within the slot duration.
· Case 3:n_DCI >=2
In this case, gNB will transmit more than two DCI when the first DCI is scheduled. And the M2 is equal to number of slot duration.
To show the procedure described as above, an example is shown as following.
It is assumed that k1 set is {3,4,5,6,7}, and a total of five k1 value DCI can be used. TDRA table-10 is configured for multiple PDSCHs scheduling, the maximum of PDSCHs can be scheduled is 6. For row index=0, the gap between the first scheduled PDSCH and the last scheduled PDSCH is 8. For row index=1, the gap between the first scheduled PDSCH and the last scheduled PDSCH is 3.  
Table-6 TDRA for multiple PDSCHs scheduling
	Row index
	SLIV1
	SLIV2
	SLIV3
	SLIV4
	SLIV5
	SLIV6
	SLIV7
	SLIV8

	0
	S=2;L=12
K0=0
	
	
	S=2;L=12
K0=4
	S=2;L=12
K0=5
	S=2;L=12
K0=6
	S=2;L=12
K0=7
	S=2;L=12
K0=8

	1
	
	
	
	
	
	S=2;L=12
K0=6
	
	S=2;L=12
K0=8


Step-1:
The first DCI assumes k1 is 7, which is largest value in K1 set, and M1 is 6,  which is equal to the maximum number of PDSCHs can be scheduled by a DCI. 
Step-2:
UE computes the maximum number of DCIs can be transmitted in the condition when the first DCI is scheduled, and the slot duration is 4. In the duration of 4 slots, at most one DCI and row index=1 can be transmitted, so n_DCI =1. Since the valid PDSCH number can be scheduled is 2, so the M2 is 2.


Figure 4 Candidate PDSCH occasion for slot duration=4
According to step-1 and step-2, the total of number of candidate PDSCH occasion is M1+M2=8
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 9: The scheme for pruning candidate PDSCH occasions is based on number of DCIs that can be scheduled for a given PUCCH carrying HARQ-ACK.
2.3.2 Type-2 HARQ-ACK codebook
	Working assumption:
UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group with a Type 2 codebook. 
· If time bundling operation is supported, this working assumption can be revisited


For generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, C-DAI/T-DAI is counted per DCI is adopted, the benefit is that it can reuse the R15/R16 procedure to generate Type-2 HARQ-ACK codebook without DAI field size increase. When multi-PDSCH is configured for a serving cell, similar method for definition of 2nd sub-codebook to handle CBG-based scheduling can be used. To reduce overhead of HARQ-ACK feedback, simultaneous configuration for both CBG-based scheduling and multi-PDSCH scheduling shall be avoided. 
The scheme of time domain bundling of HARQ-ACK feedback for PDSCH occasion can reduce overhead of Type-2 HARQ ACK, but it will cause unnecessary re-transmission of PDSCH because some ACK feedback bits are turned into NACK. It is noted that the main motivation of introducing multiple PDSCHs scheduling is that PDCCH monitoring period is based on multiple slots, so most likely when gNB schedules PDSCH, it is expected that the number of PDSCHs will be the maximum number of PDSCH configured by RRC.  For low bit rate service such as VOIP, the gNB can schedule with fall back DCI, or reconfigure the number of PDSCHs that can be scheduled by a DCI. 
If the time domain bundling of HARQ-ACK feedback  is used, to keep the balance of overhead reduction and re-transmission efficiency, the number of HARQ-ACK bits N per multi-PDSCH scheduling after bundling process  can be configured. For example, the N can be {1, 2, 4, and 8}.  Moreover, considering actual number of PDSCH scheduled by one DCI is variable, to improve bundling efficiency, it is proposed that only the ACK/NACK bits of valid PDSCH  can join the timing bundling process. It can be shown as following figure


Figure 5:  only the HARQ-ACK of valid PDSCHs join the bundling process
As shown above figure, it assume that the maximum number of PDSCH can be scheduled by one DCI is 8， and  output of the HARQ-ACK bits is N=4，which is  after bundling process. The number of PDSCH indicated by SLIV is 5, and one PDSCH is invalid become the time domain is overlapping with uplink symbols. So the only 4 bits of HARQ-ACK joins the bundling process. 
Proposal 10: It is confirmed that UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group with a Type 2 codebook.
Proposal 11: If Time bundling of HARQ-ACK feedback is used, the following two issues are suggested: 
· The number of HARQ-ACK bit N per multi-PDSCH scheduling after bundling process  can be configured, the N can  be {1,2,4,8}
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Only the ACK/NACK bits of valid PDSCH  can join the timing bundling process
3. Conclusion 
This contribution discussed the PDSCH&PUSCH enhancement for the support of NR operation up to 71 GHz. We have the following proposals and observations:

[bookmark: _GoBack]Observation 1: For a given PUCCH carrying type-1 HARQ-ACK, the number of DCIs can be sent by gNB is less than the number of k1, and the redundant PDSCH occasions will be generated if all k1 values are looped.

Proposal 1:  It is understood that there is no necessity to define N1/N2 for capability2 for 480 and/or 960 kHz SCS in Rel-17.
Proposal 2: option 2 or option 2a can be supported for default k1 value, and words modified as following
· Option 2: {7, 8, 9, 10, 11, 12, 13, 14} for 480 kHz and {13,14, 15, 16, 17, 18, 19, 20,21} for 960 kHz
· Option 2a: {1, 2, 3, 4, 5, 6, 7, 8} (same as in existing specification)
Note: the actual slot offset of k1 is the indicated value + offset where offset is ceil floor(N1/14)

Proposal 3: for multi-PUSCHs transmission, the same rule for PUSCH preparation procedure time in section 6.4 of TS38.214 is applied.
Proposal 4: for multi-PDSCHs transmission, the same rule for PDSCH processing procedure time in section 5.3 of TS 38.214 is applied.
Proposal 5: For SCS of 480 KHz, it is not needed to restrict the maximum number of PDSCHs to 4.
Proposal 6: For scheduling multi-PDSCH (or multi-PUSCH), the following two OOO cases are not supported.
· for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH)
· for the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV
Proposal 7: for (de)activation of SPS (or CG) by using multi-PDSCH (or multi-PUSCH) scheduling DCI, Both the PDSCH time domain and k1 value are obtained based on first valid SLIV.
Proposal 8:  gNB can do limitations on maximum number of PDSCHs when 2 TB is enabled or when 2 TB is scheduled by implementation, and there is no specification work.
Proposal 9: The scheme for pruning candidate PDSCH occasions is based on number of DCIs that can be scheduled for a given PUCCH carrying HARQ-ACK.
Proposal 10: it is confirmed that UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group with a Type 2 codebook.
Proposal 11: if Time bundling of HARQ-ACK feedback is used, the following two issues are suggested: 
· The number of HARQ-ACK bit N per multi-PDSCH scheduling after bundling process  can be configured, the N can  be {1,2,4,8}
· Only the ACK/NACK bits of valid PDSCH  can join the timing bundling process
.
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