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Introduction
[bookmark: _Ref228947482]After RAN1 NR Ad-Hoc#2 meeting, an email discussion on scheduling/HARQ aspects for CA has been kicked off [1]. Currently the output of the email discussion includes three parts: possible agreements, possible working assumptions and further discussions for the next meeting. The possible working assumption part is as follows.
Possible working assumptions:
· HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology
· The time granularity of a HARQ-ACK transmission, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission.

In this contribution, we share some further considerations on HARQ-ACK feedback for NR CA, especially for CA where DL CCs have different numerologies.
Discussion 
In LTE eCA, HARQ-ACK bits for multiple DL CCs can be jointly fed back on the PUCCH of a certain UL CC. To save the HARQ-ACK feedback overhead, DAI mechanisms are used to produce a dynamic HARQ-ACK codebook as shown in Figure 1. Here counter DAI/total DAI are denoted by the true values instead of the values with bit width limitations. 


Figure 1. An example of DAI in LTE eCA
In NR CA, one difference from LTE is that the CCs may have different numerologies. One example is shown in Figure 2 where 5 CCs correspond to 3 different TTI lengths. In this case, potential differences on HARQ-ACK codebook determination etc. need to be considered.


Figure 2. An example of DAI in NR CA
Since a more flexible HARQ timing is supported in NR, for both FDD and TDD, HARQ-ACK bits may need to be jointly feedback for PDSCH on multiple CCs and multiple TTIs. For example, ACK/NACK bits are jointly feedback for all the scheduled PDSCH within the HARQ-ACK multiplexing window as shown in Figure 2. Considering that a CC may be configured with CBG-based HARQ-ACK feedback, there will be an even larger HARQ-ACK feedback overhead. Therefore, dynamic HARQ-ACK codebook is still necessary in NR CA to improve HARQ-ACK feedback efficiency. For dynamic HARQ-ACK codebook determination, at least the principle of DAI design in LTE can be used as a starting point even though different CCs may have different numerologies. The example in Figure 2 shows one possible way to determine counter DAI/total DAI true values. For simplicity, it is assumed that a maximum of one TB is scheduled per PDCCH, i.e., no spatial multiplexing, and the number of CBGs per TB is 1. The principle also applies as long as all the CCs have the same number of CBGs per TB which can be achieved by e.g. CC grouping [2]. The counter DAI increases first along the frequency direction of the CCs with front-aligned TTIs, and then along the time direction. The total DAI in Figure 2 denotes the accumulated number of scheduled TBs up to its associated TTI. Since PDCCH is determined at the start of a TTI, the base station may not know in advance whether there will be any short TTI based scheduling occurring after the current long TTI based scheduling instant. In this case, the counter DAI/total DAI can only take into account the previous PDCCHs and current PDCCHs within TTIs with aligned starting times. 
Proposal 1: Dynamic HARQ-ACK codebook determination is supported for NR CA, and LTE DAI principles can be used as a starting point.
For DAI mechanisms, the total DAI allows the base station and the UE have the same interpretation on the total number of HARQ-ACK feedback bits. Therefore it is important for a UE to be able to reliably receive the last total DAI. Here the last total DAI is defined as the total DAI transmitted in the last TTI(s) of CCs within a HARQ-ACK multiplexing window. In LTE, there could be multiple opportunities to transmit the last total DAI, and the last total DAI may be transmitted multiple times. For example, as shown in Figure 1, there are at most 8 opportunities (8 CCs) to transmit the last total DAI and 4 opportunities (4 CCs) are actually used based on the scheduling. Although it is not always guaranteed, at least it is possible to repeat the last total DAI thus improving the reliability. In NR, similar abilities should be provided. However, in some cases, the opportunities to transmit the last total DAI could be reduced in NR [3]. For example, in slot #n on CC4 as shown in Figure 2, there is at most 1 opportunity to transmit the last total DAI. In this case, it is not possible to perform repetitions for the last total DAI. To achieve at least a similar reliability to LTE, it is worth to study whether enhancements are needed on top of this existing DAI mechanism. For example, the last total DAI could be intentionally repeated by using potentially available PDCCH candidates before the HARQ-ACK feedback time arrives. In some other cases, the opportunities to transmit the last total DAI in NR could be comparable to that of LTE. For example, if slot #n-1 on CC4 is the last TTI within a HARQ-ACK multiplexing window, the opportunities are as much as the number of CCs. If requirements such as latency etc. permit, scheduling in slot #n can be intentionally avoided and assigned to the TTI such as slot #n-1 instead. By this way, multiple opportunities can be provided for the last total DAI transmission.
Proposal 2: For the DAI design in CA with different numerologies, the robustness against missing PDCCH should be at least similar to that of LTE.

Conclusions
In this contribution, we share some views on HARQ-ACK feedback for NR CA. Especially, dynamic HARQ-ACK codebook determination by using DAI mechanisms is discussed for DL CCs operating with different numerologies. Based on the analyses, we give the following proposals.
Proposal 1: Dynamic HARQ-ACK codebook determination is supported for NR CA, and LTE DAI principles can be used as a starting point.
Proposal 2: For the DAI design in CA with different numerologies, the robustness against missing PDCCH should be at least similar to that of LTE.
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