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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the contribution, we provide our considerations on some remaining issues of semi-static HARQ codebook, as well as the details of PUSCH selection for UCI piggyback.
2. Semi-static HARQ codebook 
Several issues of semi-static HARQ codebook determination have been discussed but no agreement was achieved. In the section, we provide our view on these issues. 

2.1. HARQ-ACK for PDSCH in overlapped association sets
The DL HARQ association set for semi-static HARQ codebook is determined according to semi-static UL/DL configuration, HARQ-ACK timing K1 and PDSCH time domain resources table. If more than one HARQ-ACK timings are configured, the DL association set for PUCCHs in different UL slots may overlap. An example is illustrated in Figure 1, assuming K1 = {2, 3, 4}. The DL association set for PUCCH in slot #5 (i.e. determined by the red lines in Figure 1) is slot #1, #2, and #3, while the DL association set for PUCCH in slot #6 (i.e. determined by the blue lines in Figure 1) is slot #2, #3, and #4. Consequently, the slot #2 and slot #3 are “double-counted” in HARQ-ACK codebook determination. Three alternatives are proposed and discussed on how to report HARQ-ACKs for these “double-counting” PDSCHs:
· Alt.1: The UE reports the decoding results of detected PDSCH in the association set for each HARQ-ACK codebook transmission, regardless of whether it has been reported or not in previous HARQ-ACK transmission. 
· Alt.2-a: The UE reports the valid HARQ-ACK only in the UL slot that is determined by the indicated HARQ-ACK timing in DL assignment (i.e. K1), while always reports NACK otherwise.
· Alt.2-b: The UE reports the valid HARQ-ACK only in the UL slot that is determined by the indicated HARQ-ACK timing in DL assignment. It is up to UE to report ACK/NACK for other cases.
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[bookmark: _Ref513476323]Figure 1 Example of HARQ-ACK for PDSCH in overlapped association sets 

Alt.1 may increase the UE processing delay and complicate the UE implementation. In order to report valid HARQ-ACKs for multiple PUCCH transmissions, the UE should store the valid HARQ-ACK results, which is shared between different PUCCH encoding and transmitting processes. In some UE implementation architecture where parallel PUCCH processing is employed, such sharing inevitably requires inter-processes synchronization and blocking which is not favorable. For example, in the example shown in Figure 1, if the network schedules PDSCHs in slot #1 and #2 to be acknowledged in slot #5, and PDSCHs in slot  #3 and #4 to be acknowledged in slot #6, the UE may assign two PUCCH processes for HARQ-ACK acknowledges. However, the first process should be blocked until the decoding result of PDSCH in slot #3 (associated to the second process) is ready. Such inter-processes synchronization and blocking may unnecessarily increase the UE processing delay and complicate the UE implementation. 
On the other hand, Alt.1 may be more robust if one of the PUCCH transmissions for HARQ-ACK failed to be decoded, in which case at least some HARQ-ACKs would still be received from other decoded PUCCH transmissions. However, it seems to be a corner case, which can be handled by network.
By Alt-2-a/b, the UE reports the valid HARQ-ACK only in the HARQ-ACK codebook indicated by HARQ-ACK timing in DL assignment (i.e. K1); therefore, the UE is not required to buffer the PDSCH decoding results for different PUCCH transmissions. The only difference between them is whether the UE behavior should be specified for these “double-counting” PDSCHs in other codebooks. 
Firstly, compared with Alt.2-a, Alt.2-b leaves some flexibility for implementation, which is favorable from UE perspective.
Moreover, it is worth noting that the network is always aware of the actual PDSCH transmission and codebook associations, and the network may just simply ignore the HARQ-ACK bits of the PDSCH in these codebooks not indicated by K1. Obviously, the system still works no matter ACK or NACK is transmitted in these codebooks. Thus, Alt.2-b has no harm to the system.
In the case of the HARQ-ACK codebook size is less than 12 bits, reporting NACK (by Alt.2-a) may be beneficial for reducing UE transmission power. However, it is anyway up to UE implementation: a smart UE can always fill in the HARQ-ACK codebook by a proper way. Therefore, Alt2-b is more flexible and preferrable.
[bookmark: _Ref513565276]Proposal 1: A UE reports the valid HARQ-ACK(s) only in the HARQ-ACK codebook indicated by HARQ-ACK timing in DL assignment (i.e. K1).
[bookmark: _Ref513565277]Proposal 2: It is up to the UE to report ACK/NACK(s) for these PDSCH(s) in other HARQ-ACK codebooks.

2.2. HARQ-ACK codebook for PDSCH with slot aggregation
The current semi-static HARQ-ACK codebook determination does not consider PDSCH with slot aggregation. If slot aggregation is configured, one PDSCH occupies multiple slots, and the HARQ-ACK timing should be determined according to the last PDSCH occasion in the DL association set. An example is depicted in Figure 2. Assuming that only a TB can be scheduled per slot, if slot aggregation is not configured, the HARQ-ACK codebook size is 9 bits. If slot aggregation is configured, given that a UE cannot receive two PDSCH transmisions overlapping at the same slot, many PDSCH candidates are no longer available for transmission (e.g. the grey PDSCH candidates in Figure 2). Two alternatives are considered for the UE to determine the HARQ-ACK codebook in this case:
· Alt.1: The codebook size is determined as if slot aggregation is not configured. The HARQ-ACK bit is repeated for each PDSCH occasion corresponding to the same PDSCH TB in the association set.
· Alt.2: The codebook size is determined by the non-overlapped PDSCH repetitions in the association set.
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[bookmark: _Ref513562194]Figure 2 HARQ-ACK codebook for PDSCH with slot aggregation 
In the above example, by Alt.2 the HARQ-ACK codebook size is reduced to 3, which is significanly smaller than that of Alt.1. A smaller codebook is beneficial for reducing UE transmission power and UL control overhead, while achieving better UL coverage. On the other hand, Alt.1 maintains a same procedure for codebook determination with or without slot aggregation, which can simplify the implementation. Considering that one of the main motivations of introducing slot aggregation is for cell edge UE, Alt.2 is a consistent design option that desirable for cell edge UE. Thus, we propose that
[bookmark: _Ref513565278]Proposal 3: The semi-static HARQ-ACK codebook size is determined by the non-overlapped PDSCH repetitions in the association set if slot aggregation is configured.
This principle can also be applied to codebook fallback operation. 
[bookmark: _Ref513565280]Proposal 4: If slot aggregation is configured, when the UE detects to receive only one PDSCH within a DL association set for HARQ-ACK feedback on the PCell, the UE reports HARQ-ACK only for the one PDSCH.

3. PUSCH selection for UCI piggyback
The mechanism of PUSCH selection for piggybacking UCI has been discussed in RAN1 AH #1801 [1], and the following agreements are achieved:
	Agreements:
· Regarding how to select PUSCH for piggybacking UCI 
· Follows the LTE-approach
· FFS whether or not there are any specific issues



In the case of PUCCH and PUSCH of different carriers overlapped, it was agreed to reuse the LTE approach as described below from 38.213 [2]:
	If a UE would multiplex UCI in a PUCCH transmission that has a same first symbol with a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.
If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI in a PUCCH with a same first symbol as the PUSCH, the UE multiplexes the UCI in the PUSCH.  
If a UE transmits multiple PUSCHs that start at a same symbol on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in the PUSCH of the serving cell with the smallest ServCellIndex.


In the case of multiple PUSCHs overlapped with PUCCH, the PUSCH on the carrier with lowest index is selected for piggyback. Although this approach is simple and acceptable in LTE, it may not be suitable for NR. 
Firstly, unlike in LTE, the PUSCHs in NR may carry different types of services, e.g. eMBB or URLLC services. If both grant-based and grant-free PUSCH transmissions occur simultaneously, it is desirable to piggyback the UCI in the grant-based PUSCH. Such a behavior help reduce the processing delay and complexity of grant-free PUSCH from UE perspective. Moreover, it avoids reducing the code rate of data, thus help maintain the robustness of grant-free transmission.
[bookmark: _Ref505956505]Proposal 5: Grant-based PUSCH should be prioritized over grant-free PUSCH for UCI piggyback in NR.

Secondly, the overlapped PUSCHs may have different numerologies and different starting and ending time, as depicted in Figure 3. Instead of multiplexing the UCI (e.g. HARQ-ACK) in the PUSCH on the carrier with lower index (i.e. PUSCH-1 in Figure 3), multiplexing in the PUSCH with higher SCS (i.e. PUSCH-2 in the Figure 3) would have lower transmission latency. Therefore, it is desirable from latency reduction perspective.
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[bookmark: _Ref505956016][bookmark: _Ref505956011]Figure 3 PUSCH with different numerologies 
Lastly, even if all the PUSCHs are configured with same numerology or same symbol duration, they may be configured with different Beta offset for UCI multiplexing. Considering the large variation of UCI report in NR, it is favorable to select a PUSCH with proper Beta offset for better UCI performance or lower overhead.
[bookmark: _Ref505956508]Proposal 6: For UCI piggyback, the SCS or transmission duration of the PUSCH, and the configured Beta offset, should be taken in account in PUSCH selection in NR.

4. Conclusion
In the contribution, we discuss some remaining issues on NR carrier aggregation. Based on the discussion, we propose that,
Proposal 1: A UE reports the valid HARQ-ACK(s) only in the HARQ-ACK codebook indicated by HARQ-ACK timing in DL assignment (i.e. K1).
Proposal 2: It is up to the UE to report ACK/NACK(s) for these PDSCH(s) in other HARQ-ACK codebooks.
Proposal 3: The semi-static HARQ-ACK codebook size is determined by the non-overlapped PDSCH repetitions in the association set if slot aggregation is configured.
Proposal 4: If slot aggregation is configured, when the UE detects to receive only one PDSCH within a DL association set for HARQ-ACK feedback on the PCell, the UE reports HARQ-ACK only for the one PDSCH.
Proposal 5: Grant-based PUSCH should be prioritized over grant-free PUSCH for UCI piggyback in NR.
Proposal 6: For UCI piggyback, the SCS or transmission duration of the PUSCH, and the configured Beta offset, should be taken in account in PUSCH selection in NR.
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