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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK2]In this contribution, we discuss potential PUSCH/PDSCH enhancement, HARQ, timeline related aspects for the new SCS 480kHz and 960kHz and reference signals for Rel-17 above 52.6GHz
[bookmark: _Toc28873153] Discussion 
Multi-PDSCH/PUSCH scheduling 
DCI overhead for two codeword transmission
In RAN1 #106b-e meeting, the following agreement was achieved for two codeword transmission:
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
Although the benefit of the above method to configure two codeword is to provide better flexiblility, but it is at the cost of increasing DCI signalling overhead. In order to decrease DCI overhead, some methods need to be introduced. For example, the maximum number of PDSCHs is restricted as 2 or 4 when 2 TB is actually scheduled. For the case that 1 TB is scheduled, there is no need to reduce DCI overhead. That is, there is no need to limit the number of configured SLIVs in a row of TDRA table when 2 TB is enabled and 1 TB is scheduled. However, when 2 TB is enabled and 2 TB is actually scheduled, we think that the row index of up to N PDSCHs can be configured to reduce DCI overhead. Wherein, the row index of more than N PDSCHs only can be configured for the case that single TB is actually scheduled.
Proposal 1: The maximum number of PDSCHs can be restricted as 2 or 4 when 2 TB is actually scheduled.
Out-of-order issue
In RAN1 #106b-e meeting, the following agreement was achieved for out-of-order scheduling: 
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 DCI
For case 1 in FFS, we do not see a motivation to introduce a OOO scheduling for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI. In our view, we prefer not to introduce additional specification impact to handle with the issue mentioned in case 1 except existing OOO rule. Furthermore, considering the limited time left in the WI, we think that it is also not necessary to introduce additional OOO rule for case 2 in FFS.
Proposal 2: It is not recommended to introduce additional specification impact to handle the two cases listed in FFS except existing OOO rule.
HARQ-ACK codebook
Time domain bundling for Type 1 HARQ-ACK codebook
For the sake of simplicity, time domain bundling for Type 1 HARQ-ACK codebook can be performed across all PDSCHs scheduled by a DCI and pruning procedure is based on the last SLIV. However, according to the agreement of RAN1#106-e meeting, the Rel-16 procedure is reused for determining the candidate PDSCH reception occasions. However, according to the Rel-16 procedure of determining the candidate PDSCH reception occasion, there is no candidate PDSCH reception occasions for a scheduled DCI when the last SLIV is invalid. Therefore, Type 1 HARQ-ACK codebook cannot report the HARQ-ACK information for all the PDSCHs scheduled by the DCI even though valid SLIVs are also scheduled by the DCI and this is not reasonable. In this regard, we think that a method to ensure HARQ-ACK information report for valid SLIVs should be introduced.
Proposal 3: If time domain bundling for Type1 HARQ-ACK codebook is performed across all PDSCHs scheduled by a DCI and pruning procedure is based on the last SLIV, method to ensure HARQ-ACK information report for valid SLIVs should be introduced.
Type 2 HARQ-ACK codebook enhancement
[bookmark: OLE_LINK3]Considering the limited time left in the WI, the rule for generating the HARQ-ACK bits in case of no time domain bundling should be defined first, e.g., NACK padding and how to design the feedback sequence in case of invalid PDSCHs. HARQ-ACK information bits can be generated according to the scheduled PDSCH sequence, regardless of whether the PDSCH is valid. HARQ-ACK information bit corresponding to a valid PDSCH is determined according to the decoding result and HARQ-ACK information bit corresponding to a invalid PDSCH is padding as NACK.
Proposal 4: HARQ-ACK information bits for Type 2 codebook can be generated according to the scheduled PDSCH sequence. Wherein, 
· HARQ-ACK information bit corresponding to a valid PDSCH is determined according to the decoding result.
· HARQ-ACK information bit corresponding to a invalid PDSCH is padding as NACK.
In RAN1 #106b-e meeting, the following working assumption was achieved for Type 2 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
Time bundling is an optional configuration and constructing of Type 2 HARQ-ACK codebook should be defined without time bundling. If time bundling is not configured, for the sake of simplicity, CBG-based PDSCH reception and multi-PDSCH reception should not be configured in the same PUCCH cell group.
Proposal 5: Confirm the working assumption as follows:
· 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 not configured.
HARQ-ACK information carried by different PUCCH(s) 
In Rel-16 NR-U, enhanced dynamic HARQ-ACK codebook was introduced. gNB can request HARQ-ACK feedback for one or more PDSCH groups in the DCI scheduling the PDSCH. In addition, HARQ-ACK feedback for all PDSCHs in the same PDSCH group is allowed to be carried in the same PUCCH.  For above 52.6GHz frequency, the enhanced dynamic HARQ-ACK codebook can also be supported to provide more transmission opportunity for HARQ-ACK feedback. However, since multi-PDSCH scheduling is introduced, on how to construct HARQ-ACK codebook should be further discussed and specified.
For each PDSCH group, the C-DAI/T-DAI count method should be the same as dynamic HARQ-ACK codebook. Besides, other aspects such as how gNB triggers or indicates the UE to feedback the HARQ-ACK information for these scheduled PDSCH(s) should be specified. For example, the determination of the PDSCH group index of each scheduled PDSCH, the interpretation of the K1 value for HARQ-ACK feedback for each PDSCH group, and how to design the indication of NFI/T-DAI should be specified. 
Besides, considering the HARQ-ACK feedback delay, the scheduled multiple PDSCHs for one DCI can be divided into different PDSCH groups, and the first transmitted PDSCH group can firstly feedback HARQ-ACK in one PUCCH, and the later transmitted PDSCH belong to the second PDSCH group can be corresponding to a later feedback HARQ-ACK in the other PUCCH.
Proposal 6: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s) considering HARQ-ACK feedback delay.
 Timing related
About the PDSCH-to-HARQ feedback timing indicator field in DCI format 1_0, there are three options listed in the following agreement in RAN1#106bis-e[5]:
	Agreement in RAN1 #106-e:
For NR FR2-2 at least for 480/960 kHz SCS, support 32 as the maximum number of HARQ processes for DL and UL, subject to UE capability.
· Note: Up to 32 maximal supported HARQ process number is already agreed in Rel-17 NTN WI.
· Working assumption: The same solution to support up to 32 HARQ process number in Rel-17 NTN WI is reused for NR FR2-2.
Agreement in RAN1#106bis-e:
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 Option1, the values for PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 are scaled based on the absolute time of 120kHz SCS, in such a way the timing requirement can be met for SCSs of 480kHz and 960kHz. Moreover, the maximum HARQ process ID is extended to 32, thus the number of PDSCH-to-HARQ_feedback timing indicator should be extended accordingly. From this point of view, the values in Option 1 have wider range and it should be adopted.
Proposal 7: For  the PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0, Option 1 should be adopted.
In FR2-2 more PDSCHs can be scheduled by multiple DCIs and HARQ-ACK feedback for all the PDSCHs can also be transmitted in the same slot, which includes single DCI schedules single PDSCH and single DCI schedules multiple PDSCHs and each DCI indicates a K1 value by PDSCH-to-HARQ feedback timing indicator field. At least for some cases when SCS is 960/480 kHz, currently 8 K1 candidates indicated via DCI is not sufficient for the HARQ-ACK feedback to up to 32 HARQ processes of DL transmission. So it is necessary to consider increasing the PDSCH-to-HARQ_feedback timing indicator field to 4 or 5 bits at least for DCI format 1_1.
Proposal 8: For NR FR2-2, it is necessary to consider increasing the number of bits of PDSCH-to-HARQ_feedback timing indicator field to 4 or 5 bits at least for DCI format 1_1.
As for other timeline parameters in RAN1#106bis-e meeting, there are 2 proposals[6] are in suspense. We list them as below:
	Proposal 1-5
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) are scaled by 4 and 8 for 480kHz and 960kHz, respectively.


For the Proposal 1-5, some companies propose to scale the value of  d1,1 and d2,d2,1 and d2 by 4 and 8 for 480kHz and 960kHz, respectively.  From our understanding, the symbol duration becomes small with the SCS increasing, the extra symbol has little effect on the total processing time. On the other hand, the absolute time of N1 or N2 becomes smaller for SCS from 15kHz to 120kHz, but the absolute time of N1 or N2 maintained for 960kHz compared to 120kHz. We think under such condition, the influence of the extra symbols become even less. But in order to reduce the standard effort, the processing time of the extra symbols should be kept.
Observation 1: For 480kHz/960kHz SCS, the extra symbol has little effect on the total processing time.
Proposal 9: 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) are scaled by 4 and 8 for 480kHz and 960kHz, respectively.
	Proposal 1-6a
· For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4x/8x 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
FFS: Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6): X in 38.213 Section 10.3 and 38.133 Section 8.2.1.2.7



For the issues in Proposal 1-6a, the motivation of the first 5 issues is to extend some values for SCSs from 120kHz to 960kHz. Since the values of N1/N2/N3 are scaled according to SCS, other timeline parameters can be scaled by 4x/8x for 480 kHz and 960 kHz SCS to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
For the “FFS” in Proposal 1-6a,  for the X in 38.213 section 10.3, the minimum gap for 480 kHz and 960 kHz SCS can be scaled by 4x/8x according to the value of 120kHz SCS. And for the interruption length X in 38.133 Section 8.2.1.2.7, we think it’s up to RAN4.
Proposal 10: 
· For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4x/8x 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
Proposal 11: Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6): X in 38.213 Section 10.3 for 480 kHz and 960 kHz SCS can be scaled by 4x/8x according to the value of 120kHz SCS, and X in 38.133 Section 8.2.1.2.7 is up to RAN4
 Conclusion
In this contribution, we have discussed potential PUSCH/PDSCH enhancement, including HARQ-ACK transmission, HARQ-ACK codebook and multiple PXSCH scheduling, time line related aspects adapted to each of the new numerologies 480kHz and 960kHz, reference signals. Based on this, the following observations and proposals are provided:
Observation 1: For 480kHz/960kHz SCS, the extra symbol has little effect on the total processing time.
Proposal 1: The maximum number of PDSCHs can be restricted as 2 or 4 when 2 TB is actually scheduled.
Proposal 2: It is not recommended to introduce additional specification impact to handle the two cases listed in FFS except existing OOO rule.
Proposal 3: If time domain bundling for Type1 HARQ-ACK codebook is performed across all PDSCHs scheduled by a DCI and pruning procedure is based on the last SLIV, method to ensure HARQ-ACK information report for valid SLIVs should be introduced.
Proposal 4: HARQ-ACK information bits for Type 2 codebook can be generated according to the scheduled PDSCH sequence. Wherein, 
· HARQ-ACK information bit corresponding to a valid PDSCH is determined according to the decoding result.
· HARQ-ACK information bit corresponding to a invalid PDSCH is padding as NACK.
Proposal 5: Confirm the working assumption as follows:
· 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 not configured.
[bookmark: _GoBack]Proposal 6: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s) considering HARQ-ACK feedback delay.
Proposal 7: For  the PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0, Option 1 should be adopted.
Proposal 8: For NR FR2-2, it is necessary to consider increasing the number of bits of PDSCH-to-HARQ_feedback timing indicator field to 4 or 5 bits at least for DCI format 1_1.
Proposal 9: 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) are scaled by 4 and 8 for 480kHz and 960kHz, respectively.
Proposal 10: 
· For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4x/8x 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
Proposal 11: Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6): X in 38.213 Section 10.3 for 480 kHz and 960 kHz SCS can be scaled by 4x/8x according to the value of 120kHz SCS, and X in 38.133 Section 8.2.1.2.7 is up to RAN4
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