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1 Introduction
This contribution is a revision of R1-1717855.

In RAN1#90bis meeting, regarding HARQ-ACK multiplexing/bundling, the related agreements are made as follows:

Agreements:

· NR supports HARQ-ACK bundling in spatial domain for a NR-PDSCH transmission

· FFS details (e.g., whether or not to have RRC configuration, whether to apply to CBG-based HARQ-ACK or not, etc.)
Agreements:

· Maximum number of TAGs is 4 for a UE

· Only non-contention based random access for sTAGs

Agreements:

· For NR non-CA, both semi-static and dynamic HARQ-ACK codebook are supported by configuration

· Note: the “by-configuration” is also applicable to the CA case

Agreements:

· Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration

· HARQ-ACK codebook determination based on counter DAI and total DAI

· Use LTE as starting point

· FFS details

Agreements:

· For HARQ-ACK spatial bundling: 

· Support higher layer configuration for spatial-domain bundling per PUCCH group

· Bundling is per cell, and same configuration applies to all the cells

· FFS whether or not to support HARQ spatial bundling in a dynamic manner

As mentioned above, discussion on HARQ-ACK codebook size determination is focused on single TB case so far. In this contribution, HARQ-ACK codebook size determination for multiple PDSCH transmissions is discussed.
2 Discussion
In NR, in order to balance the number of the needed HARQ-ACK feedback bits and the retransmission efficiency, the concept of CBG (code block group) is introduced in RAN1. The principle of CBG is to group several code blocks into one code block group and the resulting HARQ-ACK feedback is generated per CBG. Only all the code blocks within one CBG are correctly decoded the HARQ-ACK for the CBG can be set to “ACK”; otherwise, it is set to “NACK”. Upon the reception of the HARQ-ACK feedback, only the CBG(s) with “NACK” shall be retransmitted by the transmitter. Meanwhile, the receiver shall combine the received retransmitted CBG(s) with previously incorrectly decoded CBG(s) for further decoding. Hence, the transmitter and the receiver should have the same understanding on CBG construction, CBG indication, number of HARQ-ACK feedback bits as well as the mapping relationship between one HARQ-ACK bit and one CBG. In order to avoid any misunderstanding, the transmitter and the receiver should synchronize the knowledge in each transmission or retransmission.
When CBG-based HARQ-ACK feedback is extended from one PDSCH to multiple PDSCHs, new issues on the HARQ-ACK codebook size determination arise. In detail, for the case when CBG-based HARQ-ACK feedback corresponding to multiple PDSCHs is transmitted in one PUCCH, the same understanding on HARQ-ACK codebook size should be maintained between gNB and UE. To be specific, the HARQ-ACK codebook includes multiple HARQ-ACK bits for multiple CBGs of one TB, one or two TBs of one PDSCH, multiple PDSCHs in time domain and/or in multiple component carriers. For example, if UE receives N PDSCHs and needs to report HARQ-ACK feedback for the N PDSCHs in one UCI, then semi-static HARQ-ACK codebook size determination is to set the HARQ-ACK codebook size to N*M, where M is the RRC configured maximum number of CBGs of one TB. In that sense, the HARQ-ACK codebook size can be semi-statically changed by means of adjusting the RRC configured maximum number of CBGs and/or the number of bundled PDSCHs. The benefit of this semi-static HARQ-ACK codebook size determination is that the determination of the HARQ-ACK codebook size is both simple and reliable. There is no ambiguity between UE and gNB on understanding HARQ-ACK codebook even when some DL transmissions are missed.
Nevertheless, the drawback of this method is heavy overhead, especially when some PDSCHs have smaller number of CBGs than the RRC configured maximum number of CBGs. In this case, UE has to pad “NACK” bit in order to make the HARQ-ACK codebook size equal to the value of N*M and guarantee same understanding on the meaning of each HARQ-ACK bit. For example, assuming N=4 and M=4, then 16 and 32 HAQ-ACK bits are needed in single-codeword transmission mode and two-codeword transmission mode, respectively. However, in practice, only one or two CBGs of one PDSCH may be scheduled for transmission or one TB is transmitted in two-codeword transmission mode. The resulting overhead in UCI bits may require Polar coding of the HARQ-ACK bits and more uplink resource for the PUCCH transmission.
In contrast, dynamic HARQ-ACK codebook size determination can bring less HARQ-ACK feedback overhead and requires less uplink resource for PUCCH transmission. The problem for dynamic codebook size determination is how to synchronize the understanding between gNB and UE when some PDCCH(s) for scheduling PDSCH(s) are missed. With the help of counter DAI and total DAI specified in Rel-13 eCA, UE can know which PDSCH is missed, however, UE does not know how many CBGs are in the missed PDSCH and how many “NACK” bits should be mapped corresponding to the missed PDSCH. One example is shown in Figure 1. Assuming four slots form a bundle window, HARQ-ACK corresponding to the four PDSCHs within the bundle window is transmitted in one UCI.  In case the second PDSCH is missed by UE, although UE knows the second PDSCH is missed, it does not know how many CBGs are lost. Therefore, in the HARQ-ACK codebook, after the first four HARQ-ACK bits correspond to the 4 CBGs of the first PDSCH, UE does know how many “NACK” bits should be mapped corresponding to the second PDSCH and where to place the remaining HARQ-ACK bits corresponding to the third and fourth PDSCHs. Based on the learning from Rel-13 eCA, the counter DAI and total DAI can be reused and extended to CBG domain so that UE can know how many CBGs have been lost in case one PDSCH is missed in detection.
Proposal 1: Support dynamic HARQ-ACK codebook size determination in HARQ-ACK multiplexing for DL CBG-based retransmission.

Proposal 2: Introduce CBG-domain DAI in DCI for missing slot handling.
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Figure 1: How many CBGs are lost?

Because the HARQ-ACK codebook may include multiple HARQ-ACK bits for one TB, one or two TBs of one PDSCH, multiple PDSCHs in the time domain and/or in multiple component carriers, the HARQ-ACK codebook size may be too large. Therefore, HARQ-ACK codebook reduction is needed to reduce the HARQ-ACK feedback overhead so as to guarantee UL coverage and save UL resource. 
Regarding the detailed HARQ-ACK codebook reduction, UE can be configured in TB-level HARQ-ACK feedback mode first. In this way, only one single HARQ-ACK bit is needed for one TB and CBG-level HARQ-ACK feedback becomes TB-level HARQ-ACK feedback. For example, when the number of CBGs per TB is configured to 8 via RRC signaling, CBG-level HARQ-ACK feedback needs 8 bits for one TB while TB-level HARQ-ACK feedback only needs one bit. Therefore, switching back to TB-level HARQ-ACK feedback can greatly reduce the HARQ-ACK codebook. Furthermore, HARQ-ACK bundling in time domain and spatial domain can be also used in order to further compress HARQ-ACK feedback overhead. Due to less correlation in the carrier domain, CC-domain bundling is not attractive and should not be used.
As for HARQ-ACK bundling, generally, there are three levels:
Opt 1: HARQ-ACK bundling for the CBGs of one TB

Opt 2: HARQ-ACK bundling for the TBs of one PDSCH
Opt 3: HARQ-ACK bundling for the PDSCHs within one bundle window
For Option 1, if gNB concerns about the UL HARQ-ACK feedback overhead with CBG-based retransmission, UE can be configured by RRC signaling to TB-level HARQ-ACK feedback mode so that only single HARQ-ACK bit is generated for one TB. Option 2 is the legacy HARQ-ACK bundling in spatial domain so as to generate one HARQ-ACK bit for the two TBs of one PDSCH. Option 3 is the legacy HARQ-ACK bundling in time domain so as to generate one or two HARQ-ACK bits corresponding to the whole bundle window per carrier. In detail, one bit is generated for the carrier(s) in single-codeword configuration and two bits are generated for the carrier(s) in two-codeword configuration. Option 2 and Option 3 are configured by RRC signaling.
Proposal 3: UE can be configured in TB-level HARQ-ACK feedback mode so that one single HARQ-ACK bit is generated for each TB.
Proposal 4: HARQ-ACK bundling in the spatial domain is performed by logic AND operation between the two TBs within one PDSCH to generates one HARQ-ACK bit for one PDSCH.

Proposal 5: HARQ-ACK bundling in the time domain is performed by logic AND operation across PDSCHs within same bundle window to generates one or two HARQ-ACK bits for the bundle window.

Proposal 6: RRC signaling is used to configure UE with HARQ-ACK bundling in the spatial domain or the time domain.
3 Conclusion

In this contribution, we focus on the open issues of HARQ-ACK multiplexing and bundling in case of code block group based retransmission.
Based on the above analysis in Section 2, we have below proposals:
Proposal 1: Dynamic HARQ-ACK codebook size determination is supported in HARQ-ACK multiplexing for DL CBG-based retransmission.

Proposal 2: CBG-domain DAI is introduced in DCI for missing slot handling.

Proposal 3: UE can be configured in TB-level HARQ-ACK feedback mode so that one single HARQ-ACK bit is generated for one TB.
Proposal 4: HARQ-ACK bundling in spatial domain is performed by logic AND operation between the two TBs within one PDSCH and generates one HARQ-ACK bit for one PDSCH.

Proposal 5: HARQ-ACK bundling in time domain is performed by logic AND operation across PDSCHs within same bundle window and generates one or two HARQ-ACK bits for the bundle window.

Proposal 6: RRC signaling is used to configure UE with HARQ-ACK bundling in spatial domain or time domain.
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