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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
In the NR#3 meetings, the following agreements were made for UCI piggyback PUSCH [1]:
Agreements:
· Confirm the working assumption:
· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.
· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.
In this document, we discuss the case where the PUSCH is rate matched to transmit more than 2 bits of HARQ-ACK, especially multiple TBs (from one or more carriers). A method of saving resources is given.
2. [bookmark: _GoBack]Discussion
1 
2 
Target and problem for CBG (re)transmission 
In NR, CBG (re)transmission is supported in order to further improve the efficiency of (re)transmissions, but at the same time large HARQ-ACK bits are also introduced for feedback. The advantages and disadvantages of CBG (re)transmission are clearly justified. Since the CBG (re)transmission can be configured by the base station, the base station can adjust the number of UEs that support CBG (re)transmission, and thereby indirectly reduce the feedback of the HARQ-ACK bits. But it is also clear that for those UEs that are not configured for CBG (re)transmission, their (re)transmission efficiency can not be improved either.
We recognize the benefits of the improvements described above due to the introduction of the CBG retransmission mechanism, but we believe that these benefits are not maximized due to the increased HARQ-ACK overhead. In particular, the problem of HARQ-ACK overhead is more serious in the case of HARQ-ACK multiplexing for multiple TBs.
For example, when a UE is configured with both carrier aggregation and CBG HARQ-ACK, it can have largely varying UCI sizes depending on the number of configured/scheduled component carriers and CBG configurations. It is possible that the UE needs to feedback multiple sets of CBG HARQ-ACK in one PUCCH in one slot.
We should try to find a way to keep the CBG retransmission mechanism unaffected but that reduces the HARQ-ACK overhead in the case of HARQ-ACK multiplexing for multiple TBs. Note that a similar method for CSI reporting is agreed in NR # 3 for MIMO type II CSI reporting.
One possible method is the following: When the CBG retransmission and the HARQ-ACK multiplexing for multiple TBs are configured for UEs, the HARQ-ACK is divided into two parts, the first part is TB HARQ-ACK for all TBs and the second part is CBG HARQ-ACK just for TBs that are decoded incorrectly. The payload size for the first part is determined based on the number of TBs scheduled. The payload size for the second part is determined by the number of NACKed TB in the first part. Both parts are sent in a slot.
The payload size for the TB HARQ-ACK can be determined separately at the base station and the UE side if the DAI mechanism is introduced to prevent the TB from being lost by the UE. Therefore, the resource of the TB HARQ-ACK and the PUCCH format can be determined. These are similar to those in LTE.
The payload size with CBG HARQ-ACK for NACK TBs can be determined according to the number of NACK TBs in TB HARQ-ACK. The probability for occurrence of NACK TBs is small (about 10%), therefore the number of CBG HARQ-ACK bits will also be small. This method will effectively reduce the overall HARQ-ACK overhead and save resources. A detailed description is shown in our document.
This method is well suited for situations where HARQ-ACK with more than 2 bits for multiple TBs (for one UE) is employed. It will use fewer resources of the UE’s PUSCH.. See Section 2.2 for details.
HARQ-ACK with more than 2 bits piggyback PUSCH
In NR#3, it is agreed that if slot-based scheduling is used, for HARQ-ACK with more than 2 bits, the PUSCH is rate-matched around the resources occupied by the PUCCH. We think this scheme is also applicable for a UE that is configured with CBG (re)transmission, if multiple TBs corresponding CBG HARQ-ACK bits are required to be transmitted in the UE's PUSCH by rate matching.
Additionally, in order to support rate matching, a portion of the resources are reserved from the PUSCH of the UE. For multiple TB under CA and multiple-K1 scenarios, the case where the UE loses the TB can be avoided if the TB level of the DAI is used. However, the overhead of the HARQ-ACK is still large, and one should further strive for overhead reduction without affecting the performance. Methods should be considered in order to reduce the CBG HARQ-ACK overhead.
For example, it is assumed that 10 TBs (from one or more carriers) are scheduled as one UE. It is required that the UE’s PUSCH is rate matched around by the HARQ-ACKs for these TBs in the same slot. Here, suppose a TB contains eight CBGs, each CBG corresponds to a bit of CBG HARQ-ACK. Further, DAI is used to prevent the TB from being lost. Assume that 10% (the probability of a TB transmission error is 10%) of the 10 TBs are received incorrectly, only CBGs from 1 TB will be indicated with CBG HARQ-ACK. 
If the method of Section 2.1 is used, the final transmitted HARQ-ACK scheme is as follows:
· the first part for TB HARQ-ACK: The TB HARQ-ACK bits are 10. Each TB corresponds to 1 bit, a total of 10 TBs. The payload size for TB HARQ-ACK is determined based on the number of TBs scheduled.
· the second part for CBG HARQ-ACK: The CBG HARQ-ACK bits are 8, since only the second TB is not correctly decoded in 10 TBs. The payload size for CBG HARQ-ACK is determined by the number of NACK TBs.
The total number of HARQ-ACK bits is equal to 18 in this example. 
If the conventional method is used, i.e. reporting ACK/NACK for all CBGs, the total number of HARQ-ACK bits will be 80 bits (10x8 bits). Obviously, the HARQ-ACK overhead is greatly reduced by the described scheme. The CBG retransmission mechanism is not affected. The saved resources can be used for the UE's PUSCH.
The base station and the UE can first reserve the resource for the TB HARQ-ACK in the PUSCH because its payload size is known. The start of the CBG HARQ-ACK resource can be implied, for example, it is continuously associated with the TB HARQ-ACK resource. But the resource size of the CBG HARQ-ACK will be determined according to the payload size for the CBG HARQ-ACK. The remaining resources are used as the PUSCH of the UE.
For UE the process would be as follow:
The UE first decodes the DL TBs, then forms the TB HARQ-ACK, and then obtains the payload size for the CBG HARQ-ACK according to the number of NACK TBs. Then the UE forms the CBG HARQ-ACK and transmits all the HARQ-ACKs in their respective assigned resources, and then transmits the PUSCH within the remaining resources.
For base station the process would be as follow:
The base station first decodes the TB HARQ-ACK, obtains the number of NACK TBs, further obtains the payload size for CBG HARQ-ACK, then decodes the CBG HARQ-ACK, and then decodes the PUSCH from the remaining resources.
Proposal 1: When the CBG retransmission and the HARQ-ACK multiplexing for multiple TBs are configured as UEs, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched. The following method can be supported for the formation and transmission of HARQ-ACK.
· The HARQ-ACK is divided into two parts, the first part is TB HARQ-ACK for all TBs and the second part is CBG HARQ-ACK just for TBs that are decoded incorrectly. 
· The payload size for the first part is determined based on the number of TBs scheduled. TB DAI can be supported.
· The payload size for the second part is determined by the number of NACK TB in the first part. 
· Both parts are sent in a slot.

3. Conclusion
When the CBG is configured as a UE, the retransmission efficiency can be further improved. The CBG HARQ-ACK overhead should be kept low. In this document, we introduce a method that can significantly reduce CBG HARQ-ACK overhead and does not affect the mechanism and performance of CBG retransmissions. We apply it to the case which HARQ-ACK with more than 2 bits is transmitted through the rate matching UE's PUSCH. It can effectively save the actual transmission of resources for the HARQ-ACK.
Based on the analysis given above, we have the following proposal:
Proposal 1: When the CBG retransmission and the HARQ-ACK multiplexing for multiple TBs are configured as UEs, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched. The following method can be supported for the formation and transmission of HARQ-ACK.
· The HARQ-ACK is divided into two parts, the first part is TB HARQ-ACK for all TBs and the second part is CBG HARQ-ACK just for TBs that are decoded incorrectly. 
· The payload size for the first part is determined based on the number of TBs scheduled. TB DAI can be supported.
· The payload size for the second part is determined by the number of NACK TB in the first part. 
· Both parts are sent in a slot.
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