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Introduction
In RAN1 89 Meeting [1], the following was agreed for CBG based transmission:
Agreements:
· For downlink data transmission with CBG based (re)transmission,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission
· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission
· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived
· FFS HARQ ACK feedback on one channel for the case of multiple TBs
· FFS for fallback

Agreements: 
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.

Additionally, in RAN1 88b Meeting [2], the following was agreed:

Agreements:
· Confirm the working assumption as below.
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable

· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.
· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

In our previous contributions [3-4], we discussed details regarding CBG-based transmission/retransmissions, HARQ feedback, pre-emption indication, and impact of CBG based (re)transmission timing on UE HARQ feedback. In this contribution we discuss additional details regarding UE HARQ feedback and HARQ codebook design considerations for multiple PDSCHs.
HARQ feedback design considerations
With CBG based transmission, the gNB can schedule for retransmission the set of CBGs that were previously pre-empted by low latency traffic. The UE will then provide CBG HARQ feedback for the scheduled retransmissions. In this section we discuss various HARQ design considerations, including codebook design for multiple aggregated TBs (PDSCHs).   
CBG and TB based HARQ feedback
The number of CBG HARQ-ACK bits per TB depends on whether UE transmits HARQ-ACK bits for the number of indicated CBGs or for scheduled CBGs only. The first case lends itself to a semi-static design wherein the number of bits remains unchanged between retransmissions of the TB resulting in a simpler design, however, the downside of such an approach is possibly high HARQ payload size. Providing HARQ feedback only for those CBGs scheduled, on the other hand, has the advantage of reducing HARQ feedback load, the downside being that this approach can be susceptible to NACK-ACK errors. The issue of NACK-ACK errors, can addressed by utilizing means to improve the reliability of the multi-bit HARQ feedback (for e.g., providing error detection for the HARQ feedback). 
In addition to multi-bit HARQ feedback, TB level HARQ feedback should also be supported as this can also help provide protection against NACK-ACK errors for CBG HARQ feedback. There are two considerations for TB level HARQ feedback. If CBG HARQ feedback is based on indicated CBGs (semi-static codebook), this can CBG feedback field can then be used to provide TB level feedback, for e.g., all NACK of indicated CBGs to provide TB level NACK. Alternatively, if CBGs feedback for only those CBGs scheduled (dynamic codebook) are provided, an additional bit for TB level HARQ feedback can be considered. The first approach although simpler but may once again lead to large HARQ feedback overhead, which may especially be an issue if the UE is power and coverage constrained. So at least for the case of no HARQ multiplexing for multiple PDSCHs (i.e., single PDSCH case), in order to reduce HARQ feedback payload size, we propose the following.
Proposal 1: UE transmits HARQ feedback for scheduled CBGs.
Proposal 2: When TB-level HARQ feedback is supported for CBG based retransmission, 1 bit is added for the TB level HARQ feedback.

HARQ-ACK codebook for multiple PDSCHs
It has been agreed in RAN1#88bis to support HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers. As a result, NR needs to consider HARQ-ACK multiplexing needs for multiple PDSCHs. Like LTE, this will require acknowledging multiple PDSCHs with a single HARQ feedback message, with the need to consider the impact of the additional granularity of CBG-based scheduling on HARQ design. 
Similar to LTE, both semi-static as well as dynamic HARQ-ACK codebook design for multiple aggregated PDSCHs should be considered. For the semi-static case, the total codebook size is determined by the number of configured cells (component carriers), as well as the number of configured CBGs and HARQ timing. When considering a dynamic codebook design, existing DAI functionality can be reused to allow for identification of missed DL assignments. However, existing DAI functionality is unable to cover the case of missed DL assignments across all PDSCHs if the various TBs (PDSCHs), have a different number of scheduled CBGs. One solution to address this issue is to utilize a fixed HARQ-ACK feedback size for each cell, which can be based on the maximum number of configured CBGs across all PDSCHs. This can be considered to be a direct extension of TM switching in LTE, where 2 HARQ-ACK bits are transmitted for each scheduled cell as long as at least one of these cells is MIMO TM. The downside of such an approach, is that this may lead to unnecessary increase in HARQ payload size, resulting in inefficient usage of UL resources. One way to reduce the UCI payload size is to consider a modified DAI design, wherein DAI can account for CBG level scheduling assignments. This could help reduce UCI payload, at the cost of increased DCI size. Based on the above discussion we propose the following.              
Proposal 3: Consider both semi-static and dynamic codebook design for multiple PDSCHs.
Summary
In this contribution we discussed additional details regarding UE HARQ feedback and HARQ codebook design considerations for multiple PDSCHs. Based on our discussion we propose the following:
Proposal 1: UE transmits HARQ feedback for scheduled CBGs.
Proposal 2: When TB-level HARQ feedback is supported for CBG based retransmission, 1 bit is added for the TB level HARQ feedback.
Proposal 3: Consider both semi-static and dynamic codebook design for multiple PDSCHs.
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