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1 Introduction
In LTE framework, only TB level HARQ-ACK is feedback from the receiver to the transmitter. The resulting single HARQ-ACK bit per TB reduces the HARQ-ACK feedback overhead. This also guarantees the HARQ-ACK transmission reliability especially in coverage limited case, e.g., UL HARQ-ACK transmission from cell edge UE. However, this results in low transmission efficiency for data with large payload size. Even if only one code block is not correctly decoded at the receiver, the whole TB consisting of multiple code blocks has to be transmitted again.

For NR, it is expected to have higher transmission efficiency for eMBB compared to LTE. In RAN1 NR Ad hoc#2 meeting, regarding the CBG grouping and CBG-based (re)transmission, the related agreements are made as follows:

Working assumption:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
Agreements:
· For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block.
In this contribution, we focus on the open issues of the retransmitted CBG indication in DCI for both downlink transmission and uplink transmission and present our views.
2 Discussion
In NR, in order to balance the number of the HARQ-ACK feedback bits required and retransmission efficiency, the concept of CBG (code block group) is introduced in RAN1. Basically, the intention of CBG construction is to group multiple CBs into one CBG and the resulting HARQ-ACK feedback is generated per CBG. Only all the CBs within one CBG are correctly decoded the HARQ-ACK for the CBG can be set to “ACK”; otherwise, it is set to “NACK”. Upon the reception of the HARQ-ACK feedback, only the CBG(s) with “NACK” shall be retransmitted by the transmitter. Meanwhile, the receiver shall combine the received retransmitted CBG(s) with previously incorrectly decoded CBG(s) for further decoding. Hence, the transmitter and the receiver should have the same understanding on CBG construction, CBG indication, number of HARQ-ACK feedback bits as well as the mapping relationship between one HARQ-ACK bit and one CBG. In order to avoid any misunderstanding, the transmitter and the receiver should synchronize the knowledge in each transmission or retransmission. The detailed CBG construction and HARQ-ACK feedback are discussed in our companion contribution [2, 3]. In this contribution, we focus on the retransmitted CBG indication.
To support CBG-based retransmission, UE should report the multiple HARQ-ACK bits to gNB with one HARQ-ACK bit per CBG. Without any error for HARQ-ACK bits in uplink transmission, gNB shall receive such feedback information and only retransmit the “NACK” CBG(s) in next transmission occasion with the same HARQ process ID and untoggled NDI. At UE side, upon reception of the same HARQ process ID and untoggled NDI, the UE shall understand the current transmission is a retransmission and aimed for retransmission of the reported failed CBG(s). Based on this, the UE shall combine the current retransmitted CBG(s) with the reported failed CBG(s) for further decoding. 
However, DTX error case may happen when the UCI comprising multiple HARQ-ACK bits is missed by gNB. This may be especially true considering multiple-bit HARQ feedback is not as reliable as single-bit HARQ feedback. In case the feedback is missed, the gNB cannot which CBG(s) is correctly decoded by UE. It could be caused by a missing DL assignment at the UE side too. Therefore, gNB has to retransmit all the CBGs, i.e., the entire TB, to UE. At UE side, it expects a partial retransmission of the CBGs with NACK reported, instead of the entire TB. This misunderstanding may lead to UE buffer corruption and decoding failure again when the UE performs HARQ combination of the previous failed CBGs with current retransmission. As an example, in the initial transmission, a TB is divided to four code block groups, CBG0, CBG1, CBG2 and CBG3. Only CBG1 is not correctly decoded at UE side. So the UE shall report the CBG-based HARQ-ACK feedback, e.g., ACK, NACK, ACK, ACK, to gNB, and expect the retransmission of CBG1. However, the HARQ-ACK feedback is missed at gNB side so that gNB has to retransmit all the CBGs instead of UE-expected CBG1. Without any DTX error case handling, UE regards the retransmission of all CBGs as retransmission of CBG1 and combine the received soft bits with stored CBG1’s soft bits for further decoding, which leads to UE buffer corruption and decoding failure. So this DTX error case handling is needed.
Besides the DTX error case, other error cases, like ACK-to-NACK or NACK-to-ACK, may happen in UCI transmission.  For example, UE reports (ACK, NACK, ACK, ACK) corresponding to the received four CBGs and expects the retransmission of CBG1. Nevertheless, the HARQ-ACK feedback bits may be understood as (ACK, NACK, NACK, ACK) at gNB side. So gNB retransmits CBG1 and CBG2 to the UE. Without any error case handling, UE regards the retransmission of CBG1 and CBG2 as retransmission of CBG1 and combine the received soft bits with stored CBG1’s soft bits for further decoding. Needless to say, UE buffer is corrupted and decoding is failed again. So this (ACK-to-NACK or NACK-to-ACK) error case handling is needed.
Based on the above problem analysis, the UCI transmission errors occur when gNB and UE have different understanding on the retransmitted CBGs. In order to solve this misunderstanding, gNB needs to indicate UE which CBG(s) are retransmitted in each retransmission occasion. 
Generally, there are two alternatives can be considered for indicating UE which CBG(s) is retransmitted.
· Alt 1: CBG-based bitmap is included in DCI to indicate the retransmitted CBG(s).
· Alt 2: gNB retransmits the CBG(s) that UE indicated “NACK”.

For Alt 1, a CBG-based bitmap is included in DCI to indicate whether a CBG is retransmitted or not. The length of the bitmap is equal to the configured maximum number of CBGs of one TB. With one bit per CBG, gNB can exactly indicate the UE which CBG or CBGs are being retransmitted in current transmission. Alt 1 can be applicable for small HARQ-ACK codebook sizes without CRC protection. The exact value is FFS and can be smaller than 11 bits. 
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Figure 1: CBG-based bitmap included in DCI for retransmitted CBG indication
Alt 2 is suitable when the HARQ-ACK feedback is protected with CRC. In that sense, gNB can determine whether the entire HARQ-ACK feedback is received correctly. Basically, CBG-based retransmission needs a few HARQ-ACK feedback bits for one TB. When multiple TBs in multiple slots and/or on multiple carriers are bundled to transmit their corresponding HARQ-ACK feedback bits in one UCI, the resulting HARQ-ACK payload size is probably larger than 11 bits. This is true in CA and TDD cases. To accommodate such large payload size, Polar coding has been agreed in RAN1 for UCI encoding when UCI payload size is larger than 11. UCI with CRC protection and Polar encoding allows gNB to determine whether the UCI is received correctly. Consequently, if error in the UCI transmission is identified by CRC checking, e.g., DTX or ACK-to-NACK or NACK-to-ACK, one bit indicator in DCI is enough to indicate that gNB has not successfully received HARQ-ACK bits and current transmission is a retransmission of entire TB; if error in the UCI transmission is not identified by CRC checking, the indicator can indicate that gNB has successfully received HARQ-ACK bits and current transmission is a retransmission of the CBG(s) which UE indicated “NACK”. By the means of this one bit signaling in Alt 2, UE can know current transmission is a retransmission of entire TB or a retransmission of “NACK” CBG(s). 
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Figure 2: one bit indication in DCI for retransmitted CBG indication
Based on the above analysis, both alternatives have suitable use case. Due to the maximum number of CBGs in one TB is configured by gNB and the number of bundled TBs are known to gNB, gNB can estimate the HARQ-ACK payload size and configure the suitable alternative to UE.
Proposal 1: Both Alt 1 and Alt 2 for CBG indication in retransmission can be supported to solve HARQ-ACK transmission error case.
Proposal 2: Alt 1 or Alt 2 can be configured for UE via RRC signaling.

Furthermore, the intention of introducing CBG indication in DCI is to exactly indicate UE which CBG(s) are retransmitted. Therefore, such indication is not needed in DCI for scheduling initial transmission of one TB. Obviously, this come up with one problem, i.e., how to guarantee the same length/payload size between the DCI for scheduling initial transmission and the DCI for scheduling the CBG-based retransmission. If the two DCIs have different payload size, UE has to spend more blind detection effort to try each possible payload size for DCI reception. Anyway, same DCI payload size for scheduling initial transmission and retransmission should be guaranteed in order to avoid two different DCI formats. 
With UL CBG-based HARQ feedback, UE expects gNB to indicate feedback per CBG in UL grant. Upon reception of this UL grant, UE can only retransmit CBG(s) with NACK indicated by gNB. So UE transmit power consumption can be reduced in addition to saved resource. Because the DCI is protected by CRC, UL CBG-based HARQ feedback has high reliability.
Similar to DL CBG-based retransmission, HARQ-ACK bits corresponding to UL CBG-based (re)transmission is not needed in UL grant DCI for scheduling initial UL transmission and may have fewer and fewer bits in UL grant for the following retransmission(s). Same payload size between UL grant for initial transmission and 1st retransmission as well as subsequent 2nd or 3rd retransmission should be guaranteed.  
The following two options can be considered to guarantee same DCI payload size for scheduling initial transmission and CBG-based retransmission.
· Opt 1: The field for retransmitted CBG indication is also included in DCI for scheduling initial transmission.
· Opt 2: Some bits in retransmission DCI are reused to indicate retransmitted CBG(s).
In Opt 1, for the purpose of keeping same DCI format payload size, the field for retransmitted CBG indication is also included in DCI for scheduling initial transmission. This field in initial DCI can be used to indicate the number of actual CBGs of the current TB. Alternatively, the field can be reserved. Since the field length is equal to the maximum number of CBGs of one TB, it may introduce much signaling overhead.
In Opt 2, some bits in retransmission DCI are reinterpreted for retransmitted CBG indication to guarantee same payload size to initial DCI. For example, three bits in MCS field can be reused to indicate the retransmitted CBG(s) while the remaining two bits in MCS field are used to indicate current modulation scheme. In this way, same payload size can be guaranteed. Meanwhile, less signaling overhead is caused in Opt 2.
Proposal 3: Same payload size for DCI scheduling initial transmission and DCI scheduling retransmission should be guaranteed.

3 Conclusion

In this contribution, we focus on the open issues of CBG indication in DCI and present our views.
Based on the above analysis in Section 2, we have below proposals:
Proposal 1: Both Alt 1 and Alt 2 for CBG indication in retransmission can be supported to solve HARQ-ACK transmission error case.
Proposal 2: Alt 1 or Alt 2 can be configured for UE via RRC signaling.

Proposal 3: Same payload size for DCI scheduling initial transmission and DCI scheduling retransmission should be guaranteed.
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