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1 Introduction

In this contribution, we discuss some remaining issues about PDSCH/PUSCH scheduling enhancement. Agreements made in RAN1 #107 e-meeting on PDSCH/PUSCH enhancements can see in Appendix.
2 Discussion
2.1 Time values for SSSG switching timer and PDCCH skipping timer

It is already agreed SSSG switching timer and PDCCH skipping values can be as follows,

Agreement
-         The value of the SSSG switching timer in slots for SSSG#1 and/or SSSG#2 can be configured as

· {[1...20,40,60,80,100]} for 15 kHz SCS,

· {[1...40, 80,100,160,200]} for 30 kHz SCS,

· {[1...80, 160,200,320,400]} for 60kHz SCS,

· {[1...160,320,400,640,800]} for 120kHz SCS
Agreement

· For value X in Beh 1A, candidate skipping values are

· Up to [100ms] length is supported,

· The X is configured and indicated in the unit of slot.

· Working assumption for candidate values for X

· {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,

· {1,2,3,…,40, 60, 80, 100, 120,160,200} for 30 kHz SCS,

· {1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,

· {1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS

· FFS: Equal to or longer than the applicable minimum scheduling offset

· FFS: additional symbol level / PDCCH monitoring period level skipping duration

The minimum gap for wake-up and Scell dormancy indication (DCI format 2_6) is determined to scale by 4 and 8 of the corresponding value of 120 kHz SCS for 480 kHz and 960 kHz SCS respectively. So R16 power saving WUS feature can be applied on NR 52.6-71GHz. And to allow R17 DCI-based power saving feature can also be applied, SSSG switching timer and PDCCH skipping values for 480kHz and 960kHz SCS should be defined. The same scaling factor 4 and 8 can be applied based on the values for 120kHz. For example, the value of the SSSG switching timer in slots for SSSG#1 and/or SSSG#2 can be configured as, {[4,8,12,16,...,640,1280,1600,2560,3200]} for 480kHz SCS,  {[8,16,24,32,..., 1280,1600,2560,3200,6400]} for 960kHz SCS. The candidate skipping values can be configured as {[4,8,12,16,...,640,1280,1600,2560,3200]} for 480kHz SCS,  {[8,16,24,32,..., 1280,1600,2560,3200,6400]}
Proposal 1: To allow the PDCCH monitoring adaptation feature applied in NR 52.6-71GHz,

· The value of the SSSG switching timer in slots for SSSG#1 and/or SSSG#2 can be configured as, {[4,8,12,16,...,640,1280,1600,2560,3200]} for 480kHz SCS,  {[8,16,24,32,..., 1280,1600,2560,3200,6400]} for 960kHz SCS.
· The candidate skipping values can be configured as {[4,8,12,16,...,640,1280,1600,2560,3200]} for 480kHz SCS,  {[8,16,24,32,..., 1280,1600,2560,3200,6400]}.
2.2 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 those PDSCH are regarded as valid PDSCH. 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 2: For multi-slot PDSCH scheduling, the PDSCH(s) exceeding the COT are regarded as valid PDSCH(s) and the HARQ process is/are still reserved for those PDSCH(s). 
Proposal 3: 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.
Related TP can be as follows,

TP#1 for TS 38.214 Clause 5.1

============================= Unchanged part omitted =========================================
5.1
UE procedure for receiving the physical downlink shared channel
For downlink, a maximum of 16 HARQ processes per cell are supported by the UE, or subject to UE capability, a maximum of 32 HARQ processes per cell for the cases of = 5 and = 6. The number of processes the UE may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer parameter nrofHARQ-ProcessesForPDSCH, and when no configuration is provided the UE may assume a default number of 8 processes.
A UE shall upon detection of a PDCCH with a configured DCI format 1_0, 1_1 or 1_2 decode the corresponding PDSCHs as indicated by that DCI. When the UE is scheduled with multiple PDSCHs by a DCI, HARQ process ID indicated by this DCI applies to the first PDSCH, HARQ process ID is then incremented by 1 for each subsequent PDSCH(s), including PDSCH(s) exceeding the end of COT for shared spectrum, in the scheduled order, with modulo operation of nrofHARQ-ProcessesForPDSCH applied. HARQ process ID is not incremented for PDSCH(s) not received due to the limitations for UE receptions described in Clause A.B and Clause A.B.C of [6, TS 38.213]. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Clause 9.2.3 of [6]. Except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet and PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, in a given scheduled cell, the UE is not expected to receive a first PDSCH and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH, where the two resources are in different slots for the associated HARQ-ACK transmissions, each slot is composed of 
[image: image1.wmf]slot
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symbols [4] or a number of symbols indicated by subslotLengthForPUCCH if provided, and the HARQ-ACK for the two PDSCHs are associated with the HARQ-ACK codebook of the same priority. Except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet and PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, in a given scheduled cell, the UE is not expected to receive a first PDSCH, and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH if the HARQ-ACK for the two PDSCHs are associated with HARQ-ACK codebooks of different priorities. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i. In a given scheduled cell, for any PDSCH corresponding to SI-RNTI, the UE is not expected to decode a re-transmission of an earlier PDSCH with a starting symbol less than N symbols after the last symbol of that PDSCH, where the value of N depends on the PDSCH subcarrier spacing configuration (, with N=13 for (=0, N=13 for (=1, N=20 for (=2, and N=24 for (=3.
============================= Unchanged part omitted =========================================

TP#2 for TS 38.213 Clause 9.2.3

============================= Unchanged part omitted =========================================

9.2.3
UE procedure for reporting HARQ-ACK

A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot per priority index, if the UE is not provided ackNackFeedbackMode = separate. 

*<omitted>*
For a SPS PDSCH reception ending in DL slot [image: image3.png]


, the UE transmits the PUCCH in UL slot [image: image5.png]n+k



 where [image: image7.png]


 is the last UL slot for PUCCH transmission that overlaps with slot [image: image9.png]


 and [image: image11.png]


 is provided by the PDSCH-to-HARQ_feedback timing indicator field, if present, in a DCI format activating the SPS PDSCH reception. If the UE detects a DCI format that does not include a PDSCH-to-HARQ_feedback timing indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception ending in DL slot [image: image13.png]


, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot [image: image15.png]n+k



 where [image: image17.png]


 is the last UL slot for PUCCH transmission that overlaps with slot [image: image19.png]


 and [image: image21.png]


 is provided by dl-DataToUL-ACK, or dl-DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormat1_2.
If the UE detects a DCI format scheduling a number of PDSCH receptions, including PDSCH(s) exceeding the end of COT for shared spectrum, ending in DL slot [image: image23.png]


 or if the UE detects a DCI format indicating a SPS PDSCH release or indicating SCell dormancy through a PDCCH reception ending in DL slot [image: image25.png]


, or if the UE detects a DCI format that requests Type-3 HARQ-ACK codebook report and does not schedule a PDSCH reception through a PDCCH reception ending in DL slot [image: image27.png]


, as described in clause 9.1.4, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot [image: image29.png]n+k



, where [image: image31.png]


 is the last UL slot for PUCCH transmission that overlaps with slot [image: image33.png]
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 is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormat1_2. 

A PUCCH transmission with HARQ-ACK information is subject to the limitations for UE transmissions described in clause 11.1 and clause 11.1.1.
============================= Unchanged part omitted =========================================
2.3 Channel access type indication for multiple PUSCHs in single DCI

In Rel-16, channel access type/parameter is indicated by ChannelAccess-CPext field in DCI, and only one channel access type/parameter is indicated, since multiple PUSCHs must be continuous. But for the case of non-continuous multiple PUSCHs scheduled by a single DCI for NR 52.6-71GHz, how to determine the channel access type/parameter for each transmission burst should be defined.  
If Type 1 or Type 3 channel access mechanism(No-LBT) is indicated, it is obvious that Type 1 or Type 3 channel access can be applied to each transmission burst among the multiple scheduled PUSCHs. However, if Type 2 channel access is indicated and if there are multiple PUSCH transmission bursts, Type 2 channel access may not be suitable to be applied to every transmission burst, since typically Type 2 channel access can only be used in COT sharing scenario and the scheduled PUSCH should be contained in the DL COT duration. If some of the PUSCH among the multiple scheduled PUSCHs exceeds the DL COT, the PUSCH should not apply Type 2 channel access. And on the side, UE may not be able to know when the DL COT ends, if UE is not configured to monitor the DCI carrying COT end indication. So a possible way is to only apply Type 2 channel access for the first transmission burst, and for the subsequent bursts, they may exceed the end of COT, Type 1 channel access can be used.
Proposal 4: If Type 1 or Type 3 channel access mechanism is indicated, Type 1 or Type 3 channel access can be applied to each transmission burst among the multiple scheduled PUSCHs. If Type 2 channel access mechanism is indicated, Type 2 channel access can be applied to the first transmission burst, and Type 1 channel access can be for the subsequent bursts, if any.
TP#3 for TS 38.212 Clause 7.3.1.1.2
============================= Unchanged part omitted =========================================
7.3.1.1.2
Format 0_1

DCI format 0_1 is used for the scheduling of one or multiple PUSCH in one cell, or indicating CG downlink feedback information (CG-DFI) to a UE. 

The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or MCS-C-RNTI:

-
Identifier for DCI formats – 1 bit
-
The value of this bit field is always set to 0, indicating an UL DCI format
-
Carrier indicator – 0 or 3 bits, as defined in Clause 10.1 of [5, TS38.213].
*<omitted text>*
-
UL-SCH indicator – 0 or 1 bit as follows 
-
0 bit if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; 

-
1 bit otherwise. A value of "1" indicates UL-SCH shall be transmitted on the PUSCH and a value of "0" indicates UL-SCH shall not be transmitted on the PUSCH. Except for DCI format 0_1 with CRC scrambled by SP-CSI-RNTI, a UE is not expected to receive a DCI format 0_1 with UL-SCH indicator of "0" and CSI request of all zero(s).
-
ChannelAccess-CPext-CAPC – 0, 1, 2, 3, 4, 5 or 6 bits. The bitwidth for this field is determined as [image: image37.png]llog.(D1



 bits, where I is the number of entries in the higher layer parameter ul-AccessConfigListDCI-0-1 for operation in a cell with shared spectrum channel access; otherwise 0 bit. One or more entries from Table 7.3.1.1.2-35 are configured by the higher layer parameter ul-AccessConfigListDCI-0-1.  For FR2-2,when the UE is scheduled multiple PUSCHs by a single DCI, if Type 1 or Type 3 channel access mechanism is indicated, Type 1 or Type 3 channel access can be applied to each transmission burst among the multiple scheduled PUSCHs. If Type 2 channel access mechanism is indicated, Type 2 channel access can be applied to the first transmission burst, and Type 1 channel access can be for the subsequent bursts, if any.
-
Open-loop power control parameter set indication – 0 or 1 or 2 bits. 
-
0 bit if the higher layer parameter p0-PUSCH-SetList is not configured;
-
1 or 2 bits otherwise,
-
1 bit if SRS resource indicator is present in the DCI format 0_1;

-
1 or 2 bits as determined by higher layer parameter olpc-ParameterSetDCI-0-1 if SRS resource indicator is not present in the DCI format 0_1.
============================= Unchanged part omitted =========================================
3 Conclusions

In this contribution, we discuss some remaining issues on PDSCH/PUSCH scheduling enhancement for NR 52.6-71GHz.   
Proposal 1: To allow the PDCCH monitoring adaptation feature applied in NR 52.6-71GHz,

· The value of the SSSG switching timer in slots for SSSG#1 and/or SSSG#2 can be configured as, {[4,8,12,16,...,640,1280,1600,2560,3200]} for 480kHz SCS,  {[8,16,24,32,..., 1280,1600,2560,3200,6400]} for 960kHz SCS.
· The candidate skipping values can be configured as {[4,8,12,16,...,640,1280,1600,2560,3200]} for 480kHz SCS,  {[8,16,24,32,..., 1280,1600,2560,3200,6400]}.
Proposal 2: For multi-slot PDSCH scheduling, the PDSCH(s) exceeding the COT are regarded as valid PDSCH(s) and the HARQ process is/are still reserved for those PDSCH(s). 
Proposal 3: 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 4: If Type 1 or Type 3 channel access mechanism is indicated, Type 1 or Type 3 channel access can be applied to each transmission burst among the multiple scheduled PUSCHs. If Type 2 channel access mechanism is indicated, Type 2 channel access can be applied to the first transmission burst, and Type 1 channel access can be for the subsequent bursts, if any.
Appendix
Agreements made in RAN1 #107 e-meeting on PDSCH/PUSCH enhancements
Agreement
For NR operation with 480 kHz and/or 960 kHz SCS, CSI computation delay requirement 2 is always applied in the case of mixed SCS of PDCCH, CSI-RS and PUSCH.
· Note: this applies when any one of the SCSs for PDCCH, CSI-RS, and PUSCH is 480 kHz or 960 kHz

Agreement
UE behavior where all CPUs are occupied when UE processes the CSI report corresponding to the delay requirement 1 is not applicable for NR operation with 480 kHz and/or 960 kHz SCS.
· The following example change to 38.214 Section 5.2.1.6 can be recommended to the editor to use at the editor’s discretion

--- Unchanged parts omitted ---
if max{ µPDCCH, µCSI-RS, µUL} ≤ 3, and if a CSI report is aperiodically triggered without transmitting a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied, where the CSI corresponds to a single CSI with wideband frequency-granularity and to at most 4 CSI-RS ports in a single resource without CRI report and where codebookType is set to 'typeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', [image: image39.png] Nepy



,

--- Unchanged parts omitted ---

Agreement
For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4 and 8 for 480 kHz and 960 kHz SCS respectively for the following UE timeline parameters for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
· HARQ-ACK information in response to a SPS PDSCH release, N in 38.213 Section 10.2

· HARQ-ACK information in response to a detection of a DCI format 1_1 indicating Scell dormancy, N in 38.213 Section 10.3

· Determination of the resource allocation table to be used for PUSCH, Δ in 38.214 Section 6.1.2.1.1

· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH, Npdsch in 38.214 Section 5.5

· Application delay of the minimum scheduling offset restriction, Zµ in 38.214 Section 5.3.1

Agreement
From RAN1 perspective, for NR operation with 480 kHz and/or 960 kHz SCS, the value of minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6) is scaled by 4 and 8 of the corresponding value of 120 kHz SCS for 480 kHz and 960 kHz SCS respectively.
· Note: X in 38.213 Section 10.3 and 38.133 Section 8.2.1.2.7.

· Send LS to RAN4 to inform about RAN1’s agreement of the reference values and ask RAN4 to make final decision
R1-2112523
Discussion summary #1 of [107-e-NR-52-71GHz-05]
Moderator (vivo)

From Nov 15th GTW session

Agreement
For NR operation with 480 kHz and/or 960 kHz SCS, select the following as the set of values for PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0.

· {7, 8, 12, 16, 20, 24, 28, 32} for 480 kHz and {13, 16, 24, 32, 40, 48, 56, 64} for 960 kHz

Conclusion

For NR operation with 480 kHz and/or 960 kHz SCS, d1,1 and d2 (to derive Tproc,1 in PDSCH processing time) and d2,1 and d2 (to derive Tproc,2 in PUSCH preparation time) reuse the values for Rel-16.

R1-2112638
[Draft] LS on the minimum time gap for wake-up and Scell dormancy indication for NR operation in 52.6 to 71 GHz
Moderator (vivo)

Decision: As per email decision posted on Nov 19th, the draft LS is endorsed. Final version is approved in R1-2112639.

Final summary in R1-2112640.

[107-e-NR-52-71GHz-06] – Seonwook (LGE)

Email discussion/approval on scheduling particularly w.r.t. multi-PDSCH/PUSCH with a single DCI, HARQ, with checkpoints for agreements on November 15 and 19

R1-2112050
Summary #1 of PDSCH/PUSCH enhancements (Scheduling/HARQ)
Moderator (LG Electronics)

Decision: As per email decision posted on Nov 14th,

Agreement
· For multi-PDSCH or multi-PUSCH scheduling DCI, FDRA enhancement is deprioritized in Rel-17.
Agreement
· For multi-TRP operation, for 480/960 kHz SCS, 
· A UE does not expect to be scheduled with more than one unicast PDSCH in a slot, by a single DCI or multiple DCIs, from the same TRP.
· A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs, from the same TRP.
· Note: This does not preclude a UE being scheduled with two PDSCHs (or two PUSCHs) in the same slot from two different TRPs for multi-DCI based multi-TRP mechanism.

R1-2112620
Summary #2 of PDSCH/PUSCH enhancements (Scheduling/HARQ)
Moderator (LG Electronics)

From Nov 15th GTW session

Agreement
· For a DCI that can schedule multiple PDSCHs, CBGTI and CBGFI fields are not present in the DCI.
· UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the serving cell with a Type 1 codebook.
· Confirm the working assumption from RAN1#106bis-e with the following modification.

Working assumption: (RAN1#106bis-e)
· 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

Agreement
For 480/960 kHz SCS, CBG-based HARQ cannot be configured for uplink and downlink.

Agreement
The maximum number of PDSCHs that can be scheduled with a single DCI in Rel-17 is also 8 when 2 TB is enabled or when 2 TB is scheduled, for SCS of 120, 480 and 960 kHz.
· Note: This is to handle FFS (the maximum number of PDSCHs when 2 TB is enabled or when 2 TB is scheduled) in previous agreement in RAN1#106bis-e.
Decision: As per email decision posted on Nov 16th,

Agreement
For multi-PUSCH scheduling DCI in Rel-17, support intra-slot frequency hopping which is applicable to each of multiple PUSCH transmissions scheduled by the DCI, and do not support inter-slot frequency hopping.
R1-2112703
Summary #3 of PDSCH/PUSCH enhancements (Scheduling/HARQ)
Moderator (LG Electronics)

From Nov 17th GTW session

Agreement
For multi-PDSCH scheduling with a single DCI

· Introduce a new RRC parameter, e.g., enableTimeDomainHARQ-Bundling, to enable time domain bundling operation for type-1 HARQ-ACK codebook per serving cell.
· If the RRC parameter enables time domain bundling operation,
· To determine the set of candidate PDSCH reception occasions,
· A row index is removed if at least one symbol of every PDSCH associated with the row index is configured as semi-static UL. (NOTE: This is similar to the case of slot aggregated PDSCH in Rel-16)
· Pruning procedure in Rel-16 is performed based on the last configured SLIV of each row index.
· Logical AND operation is applied across all valid PDSCHs associated with a determined candidate PDSCH reception occasion, at least for 1-TB case.
· FFS: UE does not expect the last scheduled SLIV overlaps with a semi-static UL symbol when parameter enableTimeDomainHARQ-Bundling is configured
Decision: As per email decision posted on Nov 19th,

Agreement
· If a UE is configured with a TDRA table in which one or more rows contain multiple SLIVs for PDSCH for DCI format 1_1, the UE does not expect to be configured with repetitionNumber for the TDRA table, and if pdsch-AggregationFactor is configued in PDSCH-config, it does not apply to DCI format 1_1.
· Note: repetitionNumber cannot be configured with pdsch-TimeDomainAllocationListDCI-1-2 as in Rel-16.
· Note: Under agenda item 8.2.4, in RAN1#106-bis, it was already agreed that within the TDRA table for multi-PDSCH scheduling, the UE does not expect to be configured with the higher layer parameter repetitionNumber.

· Note: These does not preclude pdsch-AggregationFactor can be configured and applies to DCI format 1_2

· If a UE is configured with a TDRA table in which one or more rows contain multiple SLIVs for PUSCH for DCI format 0_1, the UE does not expect to be configured with numberOfRepetitions for the TDRA table, and if pusch-AggregationFactor is configued in PUSCH-config, it does not apply to DCI format 0_1.

· Note: These does not preclude numberOfRepetitions is configured for TDRA table corresponding to DCI format 0_2
· Note: These does not preclude pusch-AggregationFactor can be configured and applies to DCI format 0_2

Agreement
· For type-2 HARQ-ACK codebook generation, HARQ-ACK bit ordering is based on configured SLIV position in the indicated TDRA row index, regardless of the validity of each scheduled PDSCH.
Agreement
· There is no consensus in RAN1 to support that HARQ-ACK information corresponding to different PDSCHs scheduled by a single DCI is carried over multiple PUCCHs in Rel-17.
Agreement
For multi-PDSCH scheduling with a single DCI
· Introduce a new RRC parameter, e.g., numberOfHARQ-BundlingGroups, to configure the number of HARQ bundling groups with value range {1, 2, 4} for type-2 HARQ-ACK codebook per serving cell.
· If the RRC parameter is not configured for a serving cell, time domain bundling for type-2 HARQ-ACK codebook is not enabled for the serving cell.
· The maximum number of PDSCHs allocated to each bundling group is ceil(NPDSCH,MAX/NHBG) where NHBG is the number of bundling groups configured by numberOfHARQ-BundlingGroups for a serving cell and NPDSCH,MAX is the maximum configured number of PDSCHs for the serving cell.

· The PDSCHs corresponding to [configured or valid] SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI are allocated to the bundling groups, e.g., if NHBG =4, NPDSCH,MAX =8, and 5 PDSCHs are scheduled, then 2/1/1/1 PDSCHs are assigned to each group, by reusing CBG grouping method.

· For a group that is empty or is filled with only invalid PDSCH(s), HARQ-ACK bits for the bundling group is set to NACK (same principle as when no time bundling configured)

· Logical AND operation is applied to across all valid PDSCHs within the same bundling group to generate 1 HARQ-ACK bit per group, at least for 1-TB case

· If the number of HARQ bundling groups is configured as 1 for a serving cell, HARQ-ACK bits corresponding to any DCI for the serving cell belong to the first sub-codebook.

· At least for 1-TB case, if the number of HARQ bundling groups is configured as larger than 1 for a serving cell, HARQ-ACK bits corresponding to multi-PDSCH scheduling case (which implies a multi-PDSCH DCI schedules more than one PDSCH) for the serving cell belong to the second sub-codebook,

· Where the number of HARQ-ACK bits corresponding to a multi-PDSCH DCI is determined based on the maximum of Q value across all serving cells within the same PUCCH cell group, and Q=maximum configured number of PDSCHs for a cell without numberOfHARQ-BundlingGroups configured or Q=number of configured HARQ bundling groups for a cell with numberOfHARQ-BundlingGroups configured
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