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1. Introduction

The following agreements related to HARQ-ACK multiplexing/bundling and CBG-based (re)transmission was achieved in NR[1] [2]
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Agreements:
· HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.
· FFS: in case of CBG-based re-transmission.

Agreements:
· For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, at least following is supported for the HARQ-ACK composition and mapping per TB

· HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s))

· At least followings are supported
· HARQ-ACK payload size is the same with the configured number of CBGs

· Each HARQ-ACK bit corresponds to each CBG

· FFS payload size reduction
· ACK is reported for a CBG if the same CBG has been successfully decoded

· FFS how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs
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:

· 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

The intent of this paper is to discuss the remaining issues on HARQ-ACK multiplexing and bundling in case of CBG-based (re)transmission, and some proposals are given in the conclusion part.
2. Discussion
2.1. HARQ-ACK bundling
In the RAN1#90bis meeting, the agreement on HARQ-ACK bundling was formed that compressed CBG level HARQ-ACK feedback scheme except for HARQ-ACK bundling is not supported in Rel-15. 
On the one hand, the advantage of HARQ-ACK bundling is the number of HARQ-ACK feedback bits can be reduced with binary “AND” operation of multiple HARQ-ACK bits. It is an efficient way to improve the capacity of UL control, especially for cell-edge users. In Rel.13 eCA, to detect DTXed PDSCH, counter-DAI and total-DAI are contained in DCI. For the case of CBG-based transmission, a UE should know how many CBGs are scheduled in the PDSCH. Thus, some companies proposed that 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 detection[4]. However, extending DAI to CBG domain will result in higher DCI overhead.

On the other hand, the disadvantage of HARQ-ACK bundling is the spectrum efficiency loss because all the data packets need to be retransmitted even if only 1 HARQ-ACK bit is NACK. Though the counter DAI and total DAI are reused and extended to CBG domain, gNB also need to re-transmission all the bunded CBGs packets.

However full HARQ-ACK codebook without HARQ-ACK bundling can help locate the “NACK” CBGs. And gNB can only retransmit the “NACK” CBGs. But this method has a high feedback overhead. Therefore, the trade-off between the overhead reduction of full HARQ-ACK codebook feedback and support for CBG-based re-transmission should be considered.
Proposal 1: the trade-off between the overhead reduction of full HARQ-ACK codebook feedback and support for CBG-based re-transmission should be considered.
2.2. HARQ-ACK multiplexing
The question on whether HARQ-ACK multiplexing should be supported for the case of CBG-based re-transmission has been discussed in the past meetings. In order to improve system performance for NR multiple carrier system, HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers has been agreed to support. In order to improve spectrum efficiency for re-transmission procedure, NR should support HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers in case of CBG-based re-transmission. Therefore, gNB can only re-transmit the “NACK” CBGs to UE rather than the “NACK” TBs.
Proposal 2: HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers should be supported for the case of CBG-based re-transmission
In order to support the CBG-based re-transmission, an effective method for HARQ-ACK multiplexing to indicate gNB which CBG should be re-transmitted is needed. Dynamic HARQ-ACK codebook determination based on counter DAI and total DAI for the case without CBG configuration has been supported.  Corresponding to the indication of DAI in CBG-level, a reasonable method is to extend the DAI to CBG-level. Therefore, the counter DAI and total DAI can indicate which CBG carries the data transmission. And there are three potential solutions as follows: 

· Option 1: Extending the DAI to 3 bits

The main idea of this solution is to extend the DAI to CBG domain, i.e. extend the DAI to 3 bits. In Rel-15, the DAI, both counter DAI and total DAI, is 2 bits in DCI which can only indicate four states. A simple method of extending the DAI to CBG domain is to add one bit to the DAI which can indicate eight states. However, this will result in a higher overhead in DCI. 

· Option 2: Two-bit DAI and one-bit implicit indication

The characteristic of this option is to extend the DAI to CBG domain by additional one-bit implicit indication without increasing the number of DAI bits. For example, it can indicate the 1 bit information by using different transmission resource of PDCCH. In this way, the DAI can be extended to CBG domain without additional overhead in DCI.

· Option 3: Generating the HARQ-ACK codebook with the maximum number of bits for a TB regardless of the exactly configured number of CBGs

The characteristic of this option is not to extend DAI to CBG domain. UE assumes that the configured number of CBG across all component carriers is its maximum number（as per current agreement the maximum number is 8）and always generates the HARQ-ACK codebook with the maximum number of bits for a TB regardless of the exactly configured number of CBGs. This method does not increase the overhead of DCI but results in high UCI overhead.
Proposal3: Two-bit DAI and one-bit implicit indication without adding additional overhead in both DCI and UCI is preferred to support HARQ-ACK multiplexing for the case of CBG-based re-transmission.
3. Conclusion 

In this contribution, we discussed on the remaining issues on HARQ-ACK multiplexing and bundling in case of CBG-based (re)transmission. Based on the discussion, we made following proposals. 

Proposal 1: the trade-off between the overhead reduction of full HARQ-ACK codebook feedback and support for CBG-based re-transmission should be considered.

Proposal 2: HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers should be supported for the case of CBG-based re-transmission

Proposal3: Two-bit DAI and one-bit implicit indication without adding additional overhead in both DCI and UCI is preferred to support HARQ-ACK multiplexing for the case of CBG-based re-transmission.
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