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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494215420]Introduction
In RAN1#105-e meeting, the following agreements were made to further clarify the three alternatives of enhanced type 2 codebook mechanism: [2]
	Agreement:
If Alt 1 (C-DAI/T-DAI is counted per DCI) is adopted for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, 
1. At least two sub-codebooks are generated for a PUCCH cell group where 
0. The first sub-codebook is for the following cases: 
0. Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing rows each with a single SLIV
0. Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing at least one row with multiple SLIVs and schedules only a single PDSCH
0. The second sub-codebook is for the following case: 
1. Any DCI that is configured with TDRA table containing at least one row with multiple SLIVs and schedules multiple PDSCHs 
0. FFS: Methods (if needed) to align the size of HARQ-ACK feedback corresponding to different DCIs
0. FFS: Whether HARQ-ACK bits for 2 PDSCHs scheduled by this DCI can be included in the first sub-codebook in some cases
0. FFS: SPS PDSCH release, SCell dormancy indication without scheduled PDSCH
1. FFS: 2 or 3 sub-codebooks if CBG is configured for a serving cell in the PUCCH cell group
1. FFS: impact of time domain bundling, if supported, e.g., the number of sub-codebooks including single codebook if all A/N bits are bundled into a single bit per DCI




In this contribution, we focus on the method of single DCI scheduling multi-PDSCH/PUSCH in the 60GHz unlicensed band. 

Discussion
Single DCI scheduling Multi-PDSCH/PUSCH 
In RAN1#104b-e meeting the single DCI scheduling multiple PDSCHs/PUSCHs related issues had been discussed and the following had been agreed [1]:
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Agreement:
1. At least for 120 kHz SCS, for a DCI that can schedule multiple PUSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
3. If CBG-based (re)transmission is configured, CBGTI field is not present when more than one PUSCHs are scheduled, but is present when a single PUSCH is scheduled, as in Rel-16.
1. FFS:
4. For 480/960 kHz SCS, whether to apply the same behavior with 120 kHz SCS or not to support CBGTI field configuration in the DCI that can schedule multiple PUSCHs
4. For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, whether/how to configure CBGTI/CBGFI fields




In Rel-16 NR-U, an interlaced resource assignment mechanism is introduced to fulfill OCB requirement and compete PSD limitation. Interlace is evenly distributed over the entire bandwidth, so there is no need to perform frequency hopping to obtain frequency selective gain. If interlaced resource assignment mechanism is not supported for 60 GHz band operation, frequency hopping is needed to improve the performance of PUSCH transmission. To simplify the design of frequency hopping, the Rel-15 design principle should be reused, e.g. intra-PUSCH hopping should be supported.
Proposal 1: Frequency hopping should be supported for scheduled PUSCH.

From last RAN1 meeting, the issue of whether to support CBG based retransmission for multi-PDSCH/PUSCHs scheduling or not has been discussed. For 120kHz SCS, it was agreed that the CBGTI field is not present when more than one PUSCH is scheduled. However, for the cases of 480/960kHz SCS  and/or more than one PDSCH is scheduled by a single DCI, the situation is not  clear. Obviously, CBG based retransmission for multiple PDSCH/PUSCHs scheduling will lead to large overhead for DCI, e.g. assuming 8 bit CBGTI for single PDSCHs/PUSCHs, then for 8 PDSCHs/PUSCHs scheduling, 64 bits are required. On the other hand, considering the general use case for 60 GHz unlicensed band, the channel state will not change dramatically and if the retransmission is needed, it is more likely that the whole TB should be retransmitted, and then the CBGTI indication will be redundant. Even if the CBG based retransmission is needed for some TBs, gNB could still use single-PDSCH/PUSCH scheduling to indicate the retransmission for each TB. Therefore, there is no need to support CBG based retransmission for multi-PDSCHs/PUSCHs scheduling. 
Proposal 2: CBG (re)transmission should not be supported when more than one PDSCHs/PUSCHs are scheduled.

Regarding FDRA, in order to simplify the design and reduce the standardization work, the Rel-16 multi-PUSCH scheduling mechanism should be reused.
Proposal 3: Apply same method rule compared to Rel-16 NR-U for FDRA.

Regarding whether to support the indication of the MCS/NDI/RV for the 2nd TB for each PDSCH, considering that there is already a distinction between 1st and 2nd TB in legacy DCI 1_1, and the DCI 1_1 is reused for multi-PDSCHs scheduling, the indication of the MCS/NDI/RV for the 2nd TB for each PDSCH should be retained.
Proposal 4: Support to indicate the MCS/NDI/RV for the 2nd TB for multi-PDSCH scheduling.

In RAN1#105-e meeting the Type 2 codebook related issues had been discussed and the following had been agreed [2]:
	Agreement:
If Alt 1 (C-DAI/T-DAI is counted per DCI) is adopted for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, 
1. At least two sub-codebooks are generated for a PUCCH cell group where 
5. The first sub-codebook is for the following cases: 
0. Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing rows each with a single SLIV
0. Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing at least one row with multiple SLIVs and schedules only a single PDSCH
5. The second sub-codebook is for the following case: 
1. Any DCI that is configured with TDRA table containing at least one row with multiple SLIVs and schedules multiple PDSCHs 
0. FFS: Methods (if needed) to align the size of HARQ-ACK feedback corresponding to different DCIs
0. FFS: Whether HARQ-ACK bits for 2 PDSCHs scheduled by this DCI can be included in the first sub-codebook in some cases
5. FFS: SPS PDSCH release, SCell dormancy indication without scheduled PDSCH
1. FFS: 2 or 3 sub-codebooks if CBG is configured for a serving cell in the PUCCH cell group
1. FFS: impact of time domain bundling, if supported, e.g., the number of sub-codebooks including single codebook if all A/N bits are bundled into a single bit per DCI

Agreement:
If Alt 2 (C-DAI/T-DAI is counted per PDSCH) is adopted for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, 
1. PDSCH(s) scheduled by a single DCI is counted firstly, serving cell(s) in the same PUCCH cell group and same PDCCH monitoring occasion is counted secondly, and PDCCH monitoring occasion(s) is counted thirdly.
1. The bit width of counter DAI field in fallback DCI (i.e., DCI formats 0_0 and 1_0) remains the same as in Rel-15 NR.
1. Note: The DAI bit width and number of sub-codebooks shall ensure that at most 3 consecutive missed DCIs can be resolved, same as in Rel-15/16 NR 
10. This shall not impose additional gNB’s scheduling restriction.
1. In case where CBG retransmission is not configured for any serving cell in a same PUCCH cell group, the number of bits for each of counter DAI and total DAI in non-fallback DCI is extended (if needed) at least based on 
11. The number of SLIVs associated with the row indexes in TDRA table 
0. FFS: details
1. FFS: the case with configuration of CBG retransmission
1. FFS: the number of sub-codebooks
1. FFS: for the UE indicating by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a serving cell that are scheduled from a same PDCCH monitoring occasion




[bookmark: _GoBack]However, different from the method of the multi-PUSCH scheduling, some issues related HARQ-ACK feedback should be further studied and specified. For example, how to interpret the value of C-DAI/T-DAI and consequently how to determine the HARQ codebook size. Three alternatives were discussed and further clarified in last two meetings with the consideration of PDCCH overhead, PUCCH overhead， PDCCH recovery robustness and specification impact. From our observation, For Alt 1, the number of HARQ-ACK bits per DAI is always fixed as the maximum configured number of scheduling PDSCHs，while the DAI size in DL DCI remains the same as single PDSCH DCI. For Alt 2, the number of HARQ-ACK bits depends on the number of scheduled PDSCHs, while the DAI size in DL DCI should be increased. From the perspective of coverage, the coverage of UL channel like PUCCH is usually worse than that of DL channels (especially PDCCH). Therefore, compared with increasing the redundant PUCCH payload, increasing PDCCH overhead may have less impact on the coverage. 
Proposal 5: Regarding the generation of type 2 codebook, C-DAI/T-DAI should be counted per PDSCH.

Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In this contribution, we have discussed PDSCH/PUSCH enhancements in the 60GHz unlicensed band. Based on the discussion in section 2, we provide the following proposals.
Proposal 1: Frequency hopping should be supported for scheduled PUSCH.
Proposal 2: CBG (re)transmission should not be supported when more than one PDSCHs/PUSCHs are scheduled.
Proposal 3: Apply same method rule compared to Rel-16 NR-U for FDRA.
Proposal 4: Support to indicate the MCS/NDI/RV for the 2nd TB for multi-PDSCH scheduling.
Proposal 5: Regarding the generation of type 2 codebook, C-DAI/T-DAI should be counted per PDSCH.
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