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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 including multi-PDSCH/PUSCH scheduling with a single DCI and HARQ.
[bookmark: _Toc28873153] Discussion 
Multi-PDSCH/PUSCH scheduling 
As we known multi-PDSCH/PUSCH scheduling can release the PDCCH monitoring burden, therefore it can be used for the case where slot-group level PDCCH monitoring occasions are configured. In NR-U, multiple PUSCH scheduling has been specified in Rel-16, and a single DCI can schedule multiple consecutive PUSCH transmissions. The multi-PUSCH scheduling of Rel-16 NR-U should be used as the baseline for designing multi-PUSCH and multi-PDSCH scheduling in Rel-17.
According to the agreement of RAN1 #104e, for multi-PUSCH scheduling DCI design, same DCI bit field design as NR-U can be considered except the enhancement of the following bit fields in addition to Rel-16 multi-PUSCH scheduling. 
· CBGTI
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).
Firstly, for CBG based re-transmission it should be supported as it is quite useful when some CBGs suffer from burst interference. Besides, the following options can be considered for the CBGTI field in the DCI design, and one can be selected as discussed in Rel-16 multi-PUSCH scheduling from signalling overhead and scheduling flexibility consideration.
· Option 1: per re-transmitted PUSCH 
· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled
· Option 2: per PUSCH
· Option 3: only for a fixed number of PUSCHs

For option 1, the signalling overhead reduction can be achieved if only the CBGTI for the re-transmission TB is included in the DCI and the new TB does not need CBGTI in the DCI, and according to the NDI, UE will know whether the CBGTI for this PUSCH is included in the DCI or not, and the scheduling flexibility can be improved. For option 2, the signalling overhead will be very large as more PUSCH are scheduled. And for option 3, there will be some restrictions since only the re-transmission PUSCH need the CBGTI and the initial PUSCH transmission does not need the CBGTI.
Proposal 1: The CBG (re)transmission should be supported when more than one PUSCHs are scheduled and the CBGTI field should be per re-transmitted PUSCH in the multiple PUSCHs scheduling DCI.
· CSI-request
For CSI request, the issue is 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).
We think at least for unlicensed band the same scheme as Rel-16 should be supported, i.e., when a DCI schedules M PUSCHs, the PUSCH that carries the AP-CSI feedback is M-th scheduled PUSCH for M <= 2, or (M-1)-th scheduled PUSCH for M > 2. Other enhancement such as the PUSCH that carries the AP-CSI feedback is the first PUSCH that satisfies the multiplexing timeline is not needed as the timing of the triggered CSI-RS and the PUSCH carrying the CSI feedback meets the multiplexing timeline as data. And the multiplexing timeline can be solved by scheduling implement.
Proposal 2: For CSI request, the same design as in Rel-16 NRU can be considered for above 52.6GHz at least for unlicensed band. 
· When a DCI schedules M PUSCHs, the PUSCH that carries the aperiodic CSI feedback is M-th scheduled PUSCH for M <= 2, or (M-1)-th scheduled PUSCH for M > 2. 

HARQ-ACK codebook
Semi-static HARQ-ACK codebook
In RAN1 #104b-e, an agreement was achieved for semi-static HARQ-ACK codebook as follows:
Agreement:
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following options can be considered,
· Option 1: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table and based on extension of K1 set
· Option 1a: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table
· Option 2: The set of candidate PDSCH reception occasions is determined according to the last SLIV of each row in the TDRA table
· FFS: Codebook generation details, including how to handle the collision with TDD DL/UL configuration and whether/how to extend K1 set based on K1 and slot offset between last PDSCH and other PDSCHs in a row in the TDRA table
For Option1, from the configured TDRA table and K1 UE can acquire the extended K1 set, and the subsequent procedure for semi-static HARQ-ACK codebook generation is the same as that in the existing spec, so the spec impact is acceptable.
For Option 1a, some companies propose this option in RAN1 #104b-e online discussion, but it’s still not clear how it works without K1 set extension, and what is the fundamental difference between Option 1a and Option 2. More details should be disclosed before we make decision on Option 1a.
[bookmark: _GoBack]According to the description of contribution [4], in option 2, HARQ-ACK feedback for multi-PDSCH scheduled by single DCI is based on the feedback of last PDSCH occasion of multi-PDSCH. However, HARQ-ACK feedback for multi-PDSCH may be failed to feedback when at least one OFDM symbol of the last PDSCH time resource is configured as UL and the last PDSCH occasion of multi-PDSCH prunes from the candidate PDSCH occasion. Then other HARQ-ACK feedback for the front scheduled PDSCH will not feedback then the performance will be heavily affected. Therefore option 2 needs to be enhanced to solve this problem.  Therefore, comparing current option 1 and option 2, we prefer option 1.
Proposal 3: For enhancements of generating type-1 HARQ-ACK codebook, we support option 1:
· The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table and based on extension of K1 set.
Dynamic HARQ-ACK codebook
Dynamic HARQ codebook has the benefit of significant HARQ-ACK feedback overhead reduction because only the actual scheduled PDSCHs need to be acknowledged. And the codebook size and the codebook content is generated dynamically according to the scheduled PDSCHs within the HARQ feedback window. For one DCI schedules one PDSCH, UE at most feedback two bits HARQ-ACK for two codewords.
For a DCI that can schedule multiple PDSCHs, multiple bits HARQ-ACK feedback should be multiplexed in one PUCCH occasion. And if UE misdetects one of the multi-PDSCH grants, UE cannot know how many NACK bits should be padded in the HARQ-ACK codebook. Then there will be some misunderstanding for the size of the HARQ-ACK codebook and enhancement on dynamic HARQ-ACK codebook is needed. Till now, following conclusions about type-2 HARQ-ACK codebook were reached in the RAN1 #104b meeting.
Conclusion:
The following is observed for alternative 1 from prior agreement.
· For Alt 1 (C-DAI/T-DAI is counted per DCI) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· C-DAI/T-DAI in DL DCI: Same DAI overhead with Rel-16 single-PDSCH DCI
· T-DAI in UL DCI: 
· In case of single codebook handling feedback for both single and multi-PDSCH scheduling, same DAI overhead with Rel-16 UL DCI
· [bookmark: OLE_LINK3]In case of separate sub-codebooks, need additional DAI field (with same bit-width of DAI with Rel-16 UL DCI), in UL DCI for all serving cells including a serving cell not configured with multi-PDSCH 
· Note that DAI field increment for this case is similar for the case in Rel-15 where CBG is configured
· HARQ-ACK codebook generation:
· A separate sub-codebook can be generated when multi-PDSCH DCI is configured for a serving cell, similar to the way as 2nd sub-codebook is defined to handle CBG-based scheduling
· FFS: whether single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell
· FFS: how many sub-codebooks are generated when multi-PDSCH DCI is configured for a serving cell and CBG is configured for the serving cell and/or the other serving cell(s)
· HARQ-ACK payload size is increased compared to single PDSCH scheduling only, since the number of HARQ-ACK bits corresponding to each DAI of the (sub-)codebook for multi-PDSCH DCI in case of separate sub-codebooks (or for all DL DCIs in case of single codebook) depends on the maximum configured number of PDSCHs for multi-PDSCH DCI across serving cells belonging to the same PUCCH cell group.
· The number of HARQ-ACK bits for multi-PDSCH DCI in case of separate sub-codebooks, or for all DL DCIs in case of single codebook, does not depend on the number of actually scheduled PDSCHs, rather, it is fixed as the maximum configured number of PDSCHs.
· FFS: time domain bundling of HARQ-ACK feedback, as per agreement in RAN1#104-e
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH
[bookmark: _Hlk69808417]Conclusion:
The following is observed for alternative 2 from prior agreement.
· For Alt 2a (C-DAI/T-DAI is counted per PDSCH with a single codebook) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· C-DAI/T-DAI in DL DCI: Bit-width can be increased (FFS: by how much), in DL DCI not only for multi-PDSCH DCI but also for single-PDSCH DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI C-DAI/T-DAI
· T-DAI in UL DCI: Bit-width can be increased (FFS: by how much), in UL DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· C-DAI/T-DAI in DL DCI and T-DAI in UL DCI shall be designed such that at most 3 consecutive DCI missing can be resolved, same as in Rel-15/16 NR. 
· FFS: details on increment of DAI field size
· FFS: whether/how to handle the case where different DCI formats (e.g., DCI format 1_0 and DCI format 1_1) have different field sizes for C-DAI/T-DAI
· HARQ-ACK codebook generation:
· The number of HARQ-ACK bits depends on the number of scheduled PDSCHs.
· FFS: ordering of the PDSCHs for DAI counting
· FFS: time domain bundling of HARQ-ACK feedback, as per agreement in RAN1#104-e
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH

Conclusion:
The following is observed for alternative 3 from prior agreement.
· For Alt 3 (C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· If M equals to the maximum configured number of PDSCHs, Alt 3 is the same with Alt 1, if the same number of codebooks is assumed.
· Else if M equals to 1, Alt 3 is the same with Alt 2.
· Otherwise (i.e., 1<M<the maximum configured number of PDSCHs), Alt 3 is similar to Alt 2, except that
· The number of HARQ-ACK bits corresponding to each DAI increases by M times.
· NACK bits may be padded if the number of scheduled PDSCHs is not an integer multiple of M.
· FFS: details on DAI field size
· FFS: whether single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell
· In addition, new RRC parameter to configure M needs to be introduced.
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH
In the following, we discuss the three alternatives for DAI counting one by one.
· Alt 1: C-DAI/T-DAI is counted per DCI.
In this case, the C-DAI/T-DAI is still counted per DCI, and no matter how many PDSCH that the DCI scheduled, the DAI value is counted once for one DCI as illustrated in Figure 1.  

Figure 1: C-DAI/T-DAI is counted per DCI for multi-PDSCH grant
For single codebook handling feedback for both single and multi-PDSCH scheduling, the size of the HARQ-ACK codebook depends on the maximum number of PDSCHs that the DCI can schedule, and the size of the HARQ-ACK codebook equals to DAI*K, K= maximum number of PDSCHs that the DCI can schedule. That is for one DAI or one DCI, UE will feedback K bits ACK/NACK. Once the maximum number of PDSCHs that the DCI can schedule is determine, then the ACK/NACK bit number for one DCI will be fixed. And if the number of scheduled PDSCH for one DCI is smaller than the maximum number of PDSCHs that the DCI can schedule, or mis-detect one of the multi-PDSCH grants, then NACK will be padded to the HARQ-ACK codebook. The HARQ-ACK feedback overhead of Alt 1 is larger.
For separate sub-codebooks, although the HARQ-ACK feedback overhead can be reduced compared with single codebook, when CBG is configured, three sub-codebooks may be required and the spec impact is larger.
· Alt 2: C-DAI/T-DAI is counted per PDSCH.
For this Alt 2, each scheduled PDSCH of the multi-PDSCH has one C-DAI/T-DAI indication, and virtual DCIs for multi-PDSCH grant are needed to be introduced, but the HARQ-ACK codebook generation process can be consisted with that of one PDCCH scheduling one PDSCH. That is one PDSCH corresponding to one bit HARQ-ACK and DAI. And if the multi-PDSCH grant is mis-detected, according to the value of C-DAI/T-DAI, UE will know how much NACK it should be padded.  However, the DAI bit number in the DCI may need to increase as the number of scheduled PDSCH for 960kHz increase.
· Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable (e.g., 1, 2, 4, …). 
For this Alt3, assume 8 PDSCHs are scheduled by the first DCI as illustrated in Figure 2 and the DAI bit number is still 2, then the DAI count per 2 scheduled PDSCHs, and the DAI count 4 times. And in the second DCI for the next time scheduling, the DAI will count from 00.


Figure 2: C-DAI/T-DAI is counted per M scheduled PDSCH(s) for multi-PDSCH grant
For this Alt 3, the HARQ-ACK codebook can also be constructed through one of the methods below:
Method 1: time bundling is adopted for the HARQ-ACK feedback and per consecutive scheduled M PDSCH(s) is a feedback window. And one bit HARQ-ACK is feedback for per M scheduled PDSCH(s). 
Method 2: for each PDSCH in the M scheduled PDSCH(s), UE feedback one bit HARQ-ACK, that is the size of HARQ-ACK codebook is DAI*M. If the multi-PDSCH grant is misdetected, according to the value of C-DAI/T-DAI, UE will know how many times of M NACK bits it should be padded.
The difference between Method 1 and Method 2 is whether time bundling is applied or not in the HARQ-ACK feedback for the M scheduled PDSCH(s). If time bundling is applied, then the HARQ-ACK codebook size can be reduced, but the number of PDSCH retransmission will increase with the increase of M. Therefore, M should be carefully estimated. 
From the above discussion, we can see each alternative has cons and pros. Considering the PDSCH transmission efficiency, time domain bundling of HARQ-ACK feedback should not be applied. And considering the influence on the HARQ-ACK codebook generation process, Alt 2: C-DAI/T-DAI is counted per PDSCH can be considered. 
Proposal 4: Considering the effect on the HARQ-ACK codebook generation process, Alt 2: C-DAI/T-DAI is counted per PDSCH can be selected.
Enhanced dynamic HARQ-ACK codebook 
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 52.6GHz-71GHz 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, further discussion on how to construct HARQ-ACK codebook should be specified.
For each PDSCH group, the C-DAI/T-DAI count method should be the same as dynamic HARQ-ACK codebook in section 2.2.2. 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.
Observation 1: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s) considering HARQ-ACK feedback delay.
Proposal 5: Further enhancement on enhanced dynamic HARQ-ACK codebook construction should be considered.

 Conclusion
In this contribution, we have discussed potential PUSCH/PDSCH enhancement, including HARQ-ACK transmission, HARQ-ACK codebook and multiple PXSCH scheduling. Based on this, the following proposal are provided:
Observation 1: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s) considering HARQ-ACK feedback delay.
Proposal 1: The CBG (re)transmission should be supported when more than one PUSCHs are scheduled and the CBGTI field should be per re-transmitted PUSCH in the multiple PUSCHs scheduling DCI.
Proposal 2: For CSI request, the same design as in Rel-16 NRU can be considered for above 52.6GHz at least for unlicensed band. 
· When a DCI schedules M PUSCHs, the PUSCH that carries the aperiodic CSI feedback is M-th scheduled PUSCH for M <= 2, or (M-1)-th scheduled PUSCH for M > 2. 
Proposal 3: For enhancements of generating type-1 HARQ-ACK codebook, we support option 1:
· The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table and based on extension of K1 set.
Proposal 4: Considering the effect on the HARQ-ACK codebook generation process, Alt 2: C-DAI/T-DAI is counted per PDSCH can be selected.
Proposal 5: Further enhancement on enhanced dynamic HARQ-ACK codebook construction should be considered.
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