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1. Introduction
HARQ-ACK bundling/multiplexing has been playing a key role in determining the achievable spectral efficiency in LTE/LTE-A systems. To avoid potential confusion between the eNB and UE, a semi-static HARQ codebook was the design paradigm adopted at first. Later in Rel-13, to support the largely increased number of HARQ feedback bits from the aggregation of 32 CCs, dynamic codebook was introduced. It is therefore worth contemplating whether a unified HARQ feedback multiplexing framework that is capable of handling multiplexing a large number of HARQ-ACK bits efficiently should be standardized in the first release of 5G NR. It has been agreed in RAN1 meeting #90 that both semi-static and dynamic HARQ-ACK codebooks are supported for NR CA [1]. Further details have been agreed in RAN1 meeting #90b [2]. Only semi-static HARQ-ACK codebook has been agreed for CBG-based (re)transmission though, and the support for a dynamic codebook is still FFS. Pertinent agreements reached in the last meeting are listed below for quick reference.
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.)
Agreement:

· 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
How to support HARQ-ACK multiplexing in the case of CA, CBG-based (re)transmission, multi-layer transmission, and multi-slot scheduling is not at all clear. Having a unified solution is strongly desired, and we share our thoughts in this contribution. This is a revision of R1-1718470.
2. Discussions
One of the design targets of the NR systems is to aim for a unified design under various scenarios. For example, several specialized designs and mechanisms have been developed for LTE TDD systems, including HARQ-ACK feedback. Also, the HARQ feedback mechanism under carrier aggregation (CA) is designed separately from the original system. Striving to achieve a unified design framework for NR systems should be considered in the first release.
The code block group (CBG)-based (re)transmission scheme has been agreed to be supported, where a TB is divided into a number of CBG, each associated with one HARQ-ACK. Considering the maximum number of CC that a UE supports, which has been agreed as 16, the number of supported CWs, and the support of cross-slot scheduling, the UL overhead for HARQ-ACK feedback will certainly increase as compared with that in the LTE-A systems. To efficiently reduce the feedback overhead, the concept of dynamic HARQ codebook has been standardized in LTE-A for eCA, and has been agreed to be supported in NR too. The same principle should also be applied to NR systems when CBG-based (re)transmission is enabled.
Proposal 1: NR supports dynamic HARQ codebook for HARQ-ACK multiplexing for CA and CBG-based (re)transmission.

One of the reasons a dynamic HARQ codebook was not adopted at an early stage for LTE is that the number of HARQ-ACK bits is not large enough to justify the optimization. Another reason is the issue of miss-detection of the DL scheduling DCI, so that the understanding of the number of scheduled PDSCH is not aligned between the eNB and the UE. In TDD this is partly solved by the concept of downlink assignment index (DAI). The concept of DAI is further enhanced in eCA, and both a counter DAI and a total DAI are standardized. This solves the issue of UE missing an intermediate DCI as well as UE missing the very last DCI. Finally, spatial bundling can be applied in case of mult-layer MIMO transmission. 

For NR, further complication arises as there could be more than one HARQ-ACK bit for a TB. Bundling across all the HARQ-ACK for CBGs within one TB essentially reduces it to TB-based transmission, and this is in contradiction of the motivation for supporting CBG-based (re)transmission. How to perform spatial bundling in this case is also unclear.  A straightforward solution would be to change from counting the number of scheduled TBs to counting the number of transmitted CBGs. Such a solution is simple yet maintains the principle of counter DAI and total DAI at the same time. However, the number of bits needed for signaling the counter/total DAI has to be evaluated again, as during the standardization of PUCCH format 4/5, since a DCI miss-detection now has different implication for the number of skipped HARQ-ACK bits. Accordingly, we propose that
Proposal 2: NR also adopts the concept of counter/total DAI as the design principle of dynamic HARQ codebook with CBG.
With the support of CBG-based (re)transmission and CBG-based dynamic HARQ codebook adaptation, a unified framework for multiplexing HARQ-ACK bits can be achieved by having a well-defined order of multiplexing. For example, suppose a UE aggregates 10 DL CCs, each of which has been configured with 8-layer transmissions (2 CWs) with 5 CBGs each. Further suppose the UE has been configured to multiplex the HARQ-ACK bits in a CC first, slot second, CW third, CBG last manner. Assume the UE has been scheduled to report HARQ-ACK feedback in slot 5 for data received in slot 3 and in slot 2, both with 2 CWs and 10 CCs each. If there are no DCI missing, the UE reports a total of 200 HARQ-ACK bits. If the UE misses one of the DCIs, it will realize this fact via the counter DAI by a jump in the CBG count. Therefore, we propose
Proposal 3: NR adopts a unified framework for multiplexing HARQ-ACK feedback for the cases of CBG-based (re)transmission, multi-slot scheduling, MIMO, and CA.
3. Conclusions
In this contribution, we have discussed issues related to HARQ multiplexing for CBG-based (re)transmission and CA for NR systems. We have the following proposals:
Proposal 1: NR supports dynamic HARQ codebook for HARQ-ACK multiplexing for CA and CBG-based (re)transmission.
Proposal 2: NR also adopts the concept of counter/total DAI as the design principle of dynamic HARQ codebook with CBG.
Proposal 3: NR adopts a unified framework for multiplexing HARQ-ACK feedback for the cases of CBG-based (re)transmission, multi-slot scheduling, MIMO, and CA
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