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Introduction
[bookmark: _Ref228947482]During the RAN1 NR AH2 meeting, an email discussion has been approved w.r.t. CBG based (re)transmission. The following possible agreements have been proposed according to this email discussion.
Possible agreement 
· At least support that the number of CBGs per TB is indicated by RRC signaling.
· FFS whether also support to indicate the number of CBGs per TB by L1 signaling. 
Possible agreement 
· For semi-static HARQ-ACK codebook determination, support TB-level NACK by setting all CBG-level HARQ-ACK bits to NACK.
· FFS whether to also support other approach(es) to inform TB-level NACK 
Possible agreement 
· For HARQ-ACK codebook for CBG-based transmissions, continue discussions on semi-static and dynamic codebook determinations
Possible agreement (for CBG construction)
When M is configured for the number of CBGs per TB and a TB consists of C CBs, the first K CBGs out of total M CBGs include ceil(C/M) CBs per CBG and the remaining M-K CBGs include floor(C/M) CBs per CBG. K is determined by K = C - floor(C/M)×M.

In this contribution, we continue to share some considerations on HARQ-ACK multiplexing for multiple TBs/CBGs over multiple carriers/TTIs. More specifically, the potential ways for HARQ-ACK codebook determination are discussed
Discussion 
In LTE, HARQ-ACK multiplexing is supported where a UE can feedback HARQ-ACK bits in one uplink subframe for PDSCHs associated with multiple downlink TBs/subframes/carriers. This is targeted for supporting spatial multiplexing, TDD and carrier aggregation. For HARQ-ACK multiplexing in LTE, the HARQ-ACK codebook can be determined semi-statically or dynamically. The size of the semi-static HARQ-ACK codebook is determined by the number of configured carriers/subframes, whereas the size of the dynamic HARQ-ACK codebook is determined by the number of carriers/subframes where PDSCHs are scheduled. For example, in release 13 eCA, counter DAI and total DAI have been introduced to facilitate the UE in generating the dynamic HARQ-ACK codebook. In NR, HARQ-ACK multiplexing and codebook determination have been discussed in contributions such as [1] [2]. According to the email discussion, RAN1 will continue to discuss semi-static and dynamic codebook determinations for CBG-based transmissions.
In NR, it has been agreed that HARQ-ACK multiplexing for multiple PDSCHs of multiple carriers is supported. Flexible HARQ timing makes it possible to feedback HARQ-ACK for PDSCHs over multiple TTIs even in FDD. Also CBG based retransmission and CBG-based HARQ-ACK feedback are agreed. Therefore, HARQ-ACK multiplexing in NR needs to be considered by taking into account multiple TBs, TTIs, carriers and CBGs. Compared with LTE, CBG-based operation is a new dimension to be addressed. Currently, some aspects w.r.t. CBG based HARQ-ACK feedback are still not finalized. As a possible agreement, NR will at least support that the number of CBGs per TB is indicated by RRC signaling. And it has not been determined whether the UE transmits HARQ-ACK bits only for scheduled CBGs or for indicated CBGs or both. However, we can still get some guidance for the design under some presumed conditions. In the following we assume that the number of CBGs is semi-statically configured (in accord with the possible agreement), and the UE will always feedback HARQ-ACK bits for indicated CBGs. Under these assumptions, the feasibility and benefit of using the dynamic HARQ-ACK codebook is briefly analyzed. As an example shown in Figure 1, a UE needs to multiplex and feedback HARQ-ACK bits for PDSCHs received within the HARQ-ACK multiplexing window of four slots across 8 carriers. Each colored slot represents where 1 TB is scheduled by PDCCH, and different carriers are assumed to have different CBG sizes. To simplify the discussion we do not consider spatial multiplexing here (i.e. no more than 1 TB per PDCCH). Ideally in the dynamic case a 32-bit HARQ-ACK payload would be required (assuming just 1 bit per transmitted CBG). To generate the dynamic HARQ-ACK codebook, the most straightforward way is reusing LTE DAI mechanisms. As shown in the figure, the number-pair (x, y) denotes the counter DAI and total DAI with true values (before “mod” operation). Here DAI counts TBs. Since the CBG sizes are different for different carriers, we can reserve the HARQ-ACK bits according to the maximum CBG size, and then each TB will correspond to 4 HARQ-ACK bits. Similar principles have been used in LTE when at least one of the carriers is configured with spatial multiplexing. It is just a simple extension of LTE principles, but at least it is one way to realize the dynamic HARQ-ACK codebook for this case in NR. Therefore, under these assumptions, the dynamic HARQ-ACK codebook size will be 52 in this example. If using the semi-static HARQ-ACK codebook, the HARQ-ACK bits will be reserved according to the maximum CBG size and all the configured carriers/TTIs. Then the semi-static HARQ-ACK codebook size will amount to 128. Although the dynamic HARQ-ACK codebook does not achieve the desired 32-bit payload in this example, obviously it has a benefit of significant overhead reduction compared with the semi-static HARQ-ACK codebook. Therefore, the following proposals can be considered for HARQ-ACK multiplexing design.


Figure 1. An exemplary configuration for HARQ-ACK multiplexing
Proposal 1: A dynamic HARQ-ACK codebook should be supported for HARQ-ACK multiplexing of multiple TTIs/carriers/TBs/CBGs.
Proposal 2: DAI mechanisms/principles in LTE can be considered as a starting point for dynamic HARQ-ACK codebook determination.
As aforementioned, extending LTE DAI principles still leads to some unwanted payload increase. This comes from reserving too many HARQ-ACK bits per CC (according to the maximum number of CBGs configured per carrier) and this reservation happens to all the carriers. If it is necessary, other designs can be considered to get a smaller HARQ-ACK codebook. They can also be based on existing LTE DAI mechanisms, or they can employ totally new DAI mechanisms. For example, Figure 2 provides some modifications on top of Figure 1. The carriers are grouped based on the CBG size, and LTE DAI mechanisms are reused within each group. If the CBG sizes are different within a certain group, the HARQ-ACK bits are reserved according to the maximum CBG size within that group. By this way, the size of the dynamic HARQ-ACK codebook is 38 which has been reduced compared with Figure 1. As another example in Figure 3, DAI can be redesigned to indicate the number of CBGs. For instance, counter DAI and total DAI are used to indicate the starting position and total number of CBGs respectively. In this way, the size of the dynamic HARQ-ACK codebook will achieve the desired value 32. But some DCI overhead increase would be expected due to the larger DAI size, which should be balanced with the HARQ-ACK feedback reduction. All the aforementioned and other designs could be further studied. 


                
Figure 2. An example based on LTE DAI principles                        Figure 3. An example with DAI counting CBGs
Proposal 3: For CBG-based multi-bit HARQ-ACK feedback, study whether additional design is needed for dynamic HARQ-ACK codebook determination.
Conclusions
In this contribution, we share our views on HARQ-ACK multiplexing. Especially dynamic HARQ-ACK codebook design is discussed. Considering the remaining issues for CBG based HARQ-ACK feedback, the HARQ-ACK codebook design is still open at this stage. Based on the analyses, we give the following proposals.
Proposal 1: A dynamic HARQ-ACK codebook should be supported for HARQ-ACK multiplexing of multiple PDSCHs/carriers/TBs/CBGs.
Proposal 2: DAI mechanisms/principles in LTE can be considered as a starting point for dynamic HARQ-ACK codebook determination.
Proposal 3: For CBG-based multi-bit HARQ-ACK feedback, study whether additional design is needed for dynamic HARQ-ACK codebook determination.
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