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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. The DL control signaling for CBG-based retransmission has not seen much progress in RAN1-NR#2. Most of the agreed FFS points are still left undecided. To expedite the progress, a list of options for email discussion and possible agreements have been drawn . Relevant information is listed below for quick reference.

From email discussion:

Possible agreement 
· 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. 
From RAN1-NR#2 [1]:
Agreements:
· When uplink CBG-based (re)transmission is configured, the UL grant indicates which CBG(s) of a TB is/are retransmitted
From RAN1 #89 [2]:
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.
Agreements:
· For grouping CB(s) into CBG(s), following is adopted.

· With indicated number of CBGs, the number of CBs in a CBG changes according to TBS.

· FFS for the case of re-transmission or the case when the number of CBs is smaller than the indicated number of CBG 
· FFS “indicated” is realized by RRC, MAC, L1 signalling
Based on the agreements, we discuss further design details regarding the CBG-based retransmission scheme in this contribution.
2. DL CBG-based (Re)transmission
To perform DL CBG-based (re)retransmission, the first step is to determine how and by what mechanism the CB(s) are grouped in CBG(s). Three options had been proposed to address this issue, and Option 1 was finally agreed:
Agreements:
· For grouping CB(s) into CBG(s), following is adopted.

· With indicated number of CBGs, the number of CBs in a CBG changes according to TBS.

The method of indication, i.e., RRC, MAC, or DCI, is still left for further study, as well as the case where the number of scheduled CBs is smaller than the indicated number of CBGs. The methodology for grouping CBs into CBGs impacts the ultimate achievable resource utilization efficiency gain. On the one hand, the smaller the number of CBs per CBG, the more precise it is when allocating the retransmission resource. On the other hand, a smaller number of CBs per CBG implies more CBGs in a TB, which in turn implies more HARQ-ACK feedback bits. Therefore, the CBG granularity presents a tradeoff between resource efficiency and HARQ feedback overhead. The three options for determining CB grouping debated in the last meeting already have implied tradeoffs in themselves. For example, Option 2 proposes to configure a number of CBs per CBG and then make the number of CBGs change according to TBS. Such an option seeks to have a fixed resource granularity/efficiency while allowing the HARQ feedback/DCI signaling overhead to vary based on the former. On the other hand, Option 1, as has been agreed, more or less advocates a predicted amount of HARQ feedback/DCI signaling overhead, while letting the resource efficiency/granularity to vary based on the dictated amount of overhead. Given such observation, it then appears self-contradictory for Option 1 to have its number of CBGs indicated via L1 signalling.
Proposal 1: The number of CBGs is indicated using RRC or MAC.

In addition to a finer resource granularity, the possibility of URLLC pre-emption is another key motivation for the CBG-based (re)transmission. The amount of time-frequency resource interfered by a URLLC pre-emption of a victimized UE is independent of the amount of allocated physical resource of the victimized UE. In other words, when the number of CBs scheduled to a UE is small, chances are that a finer resource granularity is not needed in the case of a URLLC pre-emption. Viewing purely from the perspective of retransmission resource efficiency, the necessity of having a finer granularity in the case of a small number of scheduled CBs is also difficult to justify as in this case there is not much difference from the LTE system. Accordingly, we have the following proposal.
Proposal 2: Fall back to TB-based (re)transmission when the number of scheduled CBs is smaller than the number of configured CBGs.
It has been agreed in RAN1-NR#2 when uplink CBG-based (re)transmission is configured, the UL grant indicates which CBG(s) of a TB is/are retransmitted. It is still unclear that whether an indication for the retransmitted CBG(s) is also included for the case of downlink retransmission. It has been observed and proposed by several companies that the information regarding which CBG(s) is/are (re)transmitted should be indicated in the DCI even for DL transmissions to avoid potential confusion between the gNB and the UE. Such confusion could arise when the gNB fails to receive or correctly decode the HARQ feedback sent by the UE. In this circumstance, the next retransmission made by the gNB will be different from what the UE is expecting. The following figure provides an illustration
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Fig. 1. The gNB misinterprets the HARQ-ACK feedback and makes an incorrect retransmission without the UE’s knowing it.

To overcome this problem, it was finally deemed necessary to have the option to include the information of scheduled CBGs in the same DCI. It remains to clarify that when such a CBG indication field is configured to be included in the same DCI, whether the field is also present for the first transmission. Clearly the CBG indication field is redundant to the UE, as all CBs/CBGs are naturally transmitted in the first transmission. However, it is also an obvious issue that by omitting the CBG indication field for the first transmission only, the UE will have to blindly detect one more DCI format during each transmission. From past experience, we know that the UEs’ power consumption is due largely to the control channel decoding. Avoiding extra blind decoding should be thus of higher priority in this regard.
Proposal 3: Include the CBG indication field in the DCI for the first DL transmission and subsequent retransmissions.
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 always have a fallback DCI that corresponds to TB-based (re)transmission, much like 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.
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: The number of CBGs is indicated using RRC or MAC.

Proposal 2: Fall back to TB-based (re)transmission when the number of scheduled CBs is smaller than the number of configured CBGs.
Proposal 3: Include the CBG indication field in the DCI for the first DL transmission and subsequent retransmissions.

Proposal 4: Provide a fallback DCI corresponding to TB-based (re)transmissions when CBG-based (re)transmission is enabled.
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