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1. Introduction
One of the key changes in the physical layer processing procedures in 5G NR systems is the support of CBG-based (re)transmission, which impacts both the DCI format and the HARQ mechanism. Agreements reached in the last RAN1 meeting relevant to the discussions in this contribution are listed in the following for quick reference [1]
Agreements:
· At least for single CW case, 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
Agreements:
· For multiple CW cases, the following can be considered.

· Option 1. The gNB configures the maximum number of CBGs per TB.

· Each TB has the same maximum number of CBGs.

· Option 2. The gNB configures the maximum number of CBGs per TB.

· Each TB can be configured with different/same maximum number of CBGs.

· Note: the gNB configures two parameters on the maximum number of CBGs per TB to the UE.

· Option 3. The gNB configures the maximum number of CBGs to be shared by both CWs. 

· FFS: How to divide the total number of CBGs to two CWs

Agreements:
· For the purpose of further discussion, we conclude following:

· For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 
· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 
· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining

· At least following is supported for DL CBG-based (re)transmission.
· A DCI includes both CBGTI and CBGFI.
· For single CW case, when N is the maximum number of CBGs configured by RRC
· N bits for CBGTI, and the other 1 bit for CBGFI
· FFS: whether re-interpret NDI as CBGFI

· FFS: whether CBGTI is re-interpreted as NDI 

· FFS: whether jointly using other field as CBGTI or CBGFI

· FFS on multiple CW case.
· At least following is supported for DL and UL CBG-based (re)transmission.

· A DCI includes CBGTI.
· For single CW case, N bits for CBGTI as configured by RRC
· FFS: whether CBGTI is re-interpreted as NDI 

· FFS: whether NDI is re-interpreted as CBGTI

· FFS: whether jointly using other field as CBGTI

· FFS on multiple CW case
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

Based on the agreements, we discuss the remaining details regarding the CBG-based retransmission in this contribution.
2. Discussions
It has been agreed that the field CBGTI (CBG transmission information) is to be included in the DCI when CBG-based (re)transmission has been configured; the number of bits is equal to the number of CBGs configured by RRC. In the case of DL, CBGTI informs the UE regarding which CBG(s) is/are retransmitted; in the case of UL, CBGTI indicates the decoding result of the UL data to the UE.

It is left FFS that whether NDI and CBGTI can be re-interpreted between each other. For example, a toggled NDI implicitly implies that all the CBGs corresponding to the new transmission are being transmitted, and a CBGTI indicating all of the CBGs are being transmitted could be interpreted as indicating a new data. To make progress on this issue, another issue should be taken into account and jointly discussed. It has been pointed out and discussed in the past several meetings that the TB-level CRC could still fail even if all the CBGs are decoded correctly. Reinterpreting between NDI and CBGTI in this case leads to ambiguity: a gNB needs to retransmit all the CBGs in response to a TB-level CRC failure and indicates this fact in CBGTI. Similar problem exists for the UL direction. To avoid potential confusion and reduce undesirable side effects, always including an explicit NDI is the preferred approach.
Proposal 1: Refrain from re-interpreting between CBGTI and NDI.
It has been agreed to at least support indicating the number of CBGs for single CW case using RRC, and it is still left FFS whether to also support L1 signaling. The methodology for grouping CBs into CBGs impacts the ultimate achievable resource utilization efficiency gain. Therefore, the CBG granularity presents a tradeoff between resource efficiency and HARQ feedback overhead. Using RRC signaling dictates a fixed amount of HARQ feedback/DCI signaling overhead, while letting the resource efficiency/granularity to vary based on the amount of overhead. In addition, the DCI size and HARQ feedback are both dependent on the configuration of the number of CBGs. Supporting L1 signaling will lead to an overly complicated design, and introduce more issues.
Proposal 2: Indicating the number of CBGs using L1 signalling is not supported. 
For multiple CW cases, three options are currently being considered for the configuration of the maximum number of CBGs. For option 3, the gNB configures the maximum number of CBGs to be shared by both CWs. It has been shown that the CBG size should be as uniform as possible to avoid imbalanced error rate among the CBGs, and relevant agreement for partitioning the CW into uniform CBGs has been made in the last meeting [1]. For option 3, the first issue to address is then the case where two CWs are of the same size, and an odd number of CBG has been configured. Clearly a CBG should not consist of CBs from different CW; how to divide the total number of CBGs in this case seems at odds with what has been understood. 

For separate configurations of the number of CBGs for multiple CW case, there have been concerns regarding the changing number of HARQ feedback bits when the gNB switches between single CW and multiple CW transmissions. However, as proposed in the following as well as in our companion contribution [2], a dynamic HARQ codebook using also the concept of DAI should be adopted in NR, and the issue described above is naturally incorporated in the proposed framework. 
Proposal 3: For multiple CW case, at least exclude option 3: the gNB configures the maximum number of CBGs to be shared by both CWs. 
It has been agreed in the past meetings that the DL and UL CBG-based (re)transmission are separately RRC configured. One issue that naturally arises is the transmission scheme to use during the RRC configuration period, i.e., the ambiguity period. As elaborated previously, the CBG-based (re)transmission impacts the DCI format, and can easily result in misunderstanding between the gNB and the UE. A straightforward solution here is to have a fallback DCI that corresponds to TB-based (re)transmission, similar to the concept of DCI 1A in LTE. Alternatively, after RRC configuration, the gNB can transmit a DCI for CBG-transmission activation to signify that the fact that CBG-based (re)transmission is to be used.
Proposal 4: Provide a fallback DCI corresponding to TB-based (re)transmissions when CBG-based (re)transmission is enabled.
A semi-static HARQ codebook for DL CBG-based (re)transmission has been agreed to be supported, where ACK is reported for a CBG if the same CBG has been successfully decoded. There is still no agreement on a dynamic HARQ codebook design. 
For a dynamic HARQ codebook, suppose after receiving a first transmission consisting of N CBGs, K CBGs are indicated as NACK, K <= N, from the UE. After receiving the retransmission consisting of K CBGs, instead of reporting N HARQ feedback bits with N-K (those already successfully decoded during the first transmission) set to ACK, the UE transmits a HARQ feedback comprising only K bits, i.e., skipping those CBGs that have been ACKed previously. The major concern regarding such a dynamic HARQ codebook design is the ACK-to-NACK error and/or NACK-to-ACK error. In the following, we compare how a semi-static and a dynamic HARQ codebook behaves in the event of these two errors.
For a semi-static codebook, since the UE transmits a HARQ feedback for every CBG during every retransmission, the UE has the chance to notify the gNB of the fact that an NACK-to-ACK error has occurred previously. For example, suppose CBG 0 was indicated as NACK by the UE, but interpreted/decoded as ACK by the gNB. The gNB thus will not retransmit CBG 0, and this fact is known by the UE via CBGTI. For the next HARQ feedback, the UE indicates CBG 0 as NACK again to the gNB. The gNB then realizes the error and retransmits CBs corresponding to CBG 0. Note that it is also possible for an authentic HARQ feedback ACK to be mistakenly interpreted as NACK by the gNB, i.e., an ACK-to-NACK error. In the above example, from the gNB’s perspective, it could also have been that it is the second HARQ feedback that is experience a flipping error. The gNB has no way to distinguish between the two cases. Nevertheless, it makes little harm to make another retransmission since these are rare cases anyway. Finally, if the HARQ feedback is CRC protected and encoded as in LTE PUCCH format 4/5, and the gNB fails decoding it, the gNB simply retransmits the same set of CBGs sent previously. There will be no confusion between the gNB and the UE as long as the retransmitted CBGs are explicitly indicated in CBGTI.

For the dynamic HARQ codebook, since the UE transmits a HARQ feedback only for CBGs that are actually retransmitted by the gNB, the UE has no way of fixing NACK-to-ACK errors. CBGs that are understood by the gNB to have been correctly received by the UE are simply terminated in the message exchange, much like the case in LTE-A systems, where an NACK-to-ACK error has to be recovered by a higher layer. If a TB-level HARQ feedback bit is agreed to be included, the UE could utilize this bit field to inform the gNB of such an event.
For ACK-to-NACK errors, both the semi-static and the dynamic HARQ codebook behave the same, since the retransmitted CBGs will be indicated via CBGTI. The UE can simply skip decoding the CBs that have been correctly decoded, and transmit ACK for the corresponding CBGs again. Also, if the HARQ feedback is CRC protected and encoded, in the case where the gNB fails decoding it, the gNB simply retransmits the same set of CBGs sent previously. There will be no confusion between the gNB and the UE as in the semi-static codebook case. In light of the above comparison, we thus propose

Proposal 5: Dynamic HARQ codebook is supported for CBG-based (re)transmission, where the number of HARQ-ACK bits is equal to the number of (re)transmitted CBGs indicated in CBGTI.

Proposal 6: Support TB-level NACK via an explicit feedback bit.
3. Conclusions
In this contribution, we have discussed issues related to the DL control signalling for CBG-based (re)transmission scheme for NR. We have the following proposals:
Proposal 1: Refrain from re-interpreting between CBGTI and NDI.

Proposal 2: Indicating the number of CBGs using L1 signalling is not supported.

Proposal 3: For multiple CW case, at least exclude option 3: the gNB configures the maximum number of CBGs to be shared by both CWs.
Proposal 4: Provide a fallback DCI corresponding to TB-based (re)transmissions when CBG-based (re)transmission is enabled.

Proposal 5: Dynamic HARQ codebook is supported for CBG-based (re)transmission, where the number of HARQ-ACK bits is equal to the number of (re)transmitted CBGs indicated in CBGTI.

Proposal 6: Support TB-level NACK via an explicit feedback bit.
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