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1 Introduction


During SI on New Radio (NR) Access Technology [1], many funtionalities have been discussed for three usage scenarios, i.e., eMBB, URLLC, and mMTC. Among the above use cases, HARQ retransmission needs to be enhanced for eMBB due to expected large TBS compared to LTE.

For DL transmission in LTE, UE normally sends one-bit HARQ-ACK per TB to the eNB and then the eNB schedules the TB again for HARQ retransmission. Naturally, this retransmission of the whole TB naturally results in unnecessary transmission of code blocks (CB’s) included in the TB. Therefore, it cannot avoid the waste of time-frequency resources for the eNB to transmit CB’s already successfully decoded in the initial transmission. 

Regarding scheduling and HARQ procedure in NR, CB-group (CBG) based retransmission was agreed in RAN1#88 as a working assumption as below. 
	Working assumption:

· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:

· Only allow CBG based (re)-transmission for the same TB of a HARQ process

· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB

· CBG can include one CB
· CBG granularity is configurable



Based on a new work item on NR approved [2], this contribution considers overall issues to perform CBG-based retransmission in NR. 
2 Discussions 
To support CBG-based retransmission, several issues need to be investigated, e.g., 
· how to form CBG, 
· how UE sends single/multiple HARQ-ACK feedback, and 
· how to indicate which CBG’s are being retransmitted. 
Since NR supports single-bit HARQ-ACK feedback per TB, which naturally means the support of TB-based retransmission, it seems better that coding and transmission structures for CBG-based retransmission are shared with those of TB-based retransmission as much as possible in order to avoid too much specification effort. 
2.1 Definition of CB-group: how to form CBG
So far, it has not been clearly defined what “CBG” is. In [3], CB segmentation in LTE is explained, i.e., how to divide a TB into one or more CB’s. Two alternatives to form CBG are as below.
· Alt 1. Define CBG by grouping CB’s after CB segmentation from a TB
· Alt 2. Divide a TB into one or more CBG first, then divide each CBG into one or more CB’s 
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Figure 1: Examples of CBG definition

In Figure 1, the examples of two alternatives above on how to form CBG are illustrated. Alt 1 provides simpler procedure of CB segmentation and the form of CBG, but there can be an imbalance in the number of CB’s in each CBG. Alt 2 provides the balanced number of CB’s in each CBG, but it may shorten the CB length which it can result in BLER performance degradation due to short length of each CB. 

The maximum CB size (maximum number of bits per CB) could be fixed as LTE, or could be configured by higher-layer for CBG-based transmission. For example, when eMBB and URLLC resource is overlapped, it is desirable to divide a TB into several CBGs with smaller CB size to enable efficient retransmission of CBGs impacted by URLLC. On the other hand, if eMBB and URLLC resource are non-overlapped, it would be sufficient to have larger CB size
Proposal 1: Define CBG by grouping CB’s after CB segmentation from a TB.
2.2 HARQ-ACK feedback for CBG-based retransmission 

When configured with the number of CBG’s or the number of HARQ-ACK feedback bits, a UE needs to decide how many bits are sent back to the gNB for HARQ-ACK feedback. There are two alternatives for the number of actual HARQ-ACK feedback. 
· Alt 1. The number of HARQ-ACK feedback bits that UE sends is always fixed as configured. 
· Alt 2. The number of HARQ-ACK feedback bits that UE sends varies according to the number of transmitted bits of a TB.
Alt 1 provides simpler procedure for HARQ-ACK feedback, but this may cause unnecessarily large payload of HARQ-ACK while Alt 2 may bring a potential mis-alignment on HARQ-ACK payload size. 

For the usage of Alt 1 and Alt 2 above, the case that the actual number of CB’s in a TB is smaller than the configured number of CBG’s needs to be discussed. This can happen when a small TBS is chosen in initial transmission or when a small part of a large TB is retransmitted. For example, suppose that when the gNB configures a UE with the number of CBG’s as three, but the scheduled TB has only 6,000 bits at a moment, where the maximum length of CB for eMBB is around 8,192. Then, according to CB segmentation procedure like LTE, there will be a single CB in the TB. In this case, UE may send either 1 or 3 encoded bits for HARQ-ACK. If UE sends 3 bits as configured, two bits as filler bits will be added to meaningful HARQ-ACK information. 
Proposal 2: Discuss detailed procedure of HARQ-ACK with Alt 1 and Alt 2 above.
2.3 CBG indication for retransmission   

One simple solution is that the gNB configures the number of HARQ-ACK bits to the UE by higher layer signaling according to the UE coverage and when the gNB schedules a TB to the UE, the DCI format includes information about the CBGs that are transmitted. Another issue of CBG-based retransmission is how to avoid the gNB-UE misunderstanding in any RRC (re)configuration duration. TB-based retransmission can be used as a default mode when a UE detects a fallback DCI format. For example, gNB can rely on the DCI scheduling system information or the fallback DCI used for unicast scheduling like LTE DCI 1A for all TMs to support TB-based scheduling to avoid ambiguity. 
In follows, it is discussed which parameters are needed in DCI for CBG-based retransmission. To indicate the related information for CBG-based retransmission to the UE, DCI may need to have the following contents.
· RV: 2 bit per TB or 2 bit per CBG (the number of bits can be further considered)
· CBG-based transmission enabling indicator: 1 bit to turn on/off CBG-based retransmission, and/or number of CBGs for a TB
· CBG transmission indicator: 1 bit per CBG
· CBG buffer flushing indicator: 1 bit per CBG

CBG transmission indicator is to inform whether a CBG is being transmitted while CBG buffer flushing indicator is to inform whether the soft buffer part of initial transmitted bits for the CBG needs to be flushed out. CBG transmission indicator and CBG buffer flushing indicator can be 1 bit per CBG, respectively. Instead of using 2 bits for CBG transmission indicator and CBG buffer flushing indicator per CBG, some bits can be reduced according to the number of CBG’s by using joint coding. It is because there are only three meaningful states, i.e., 1) the CBG is not being transmitted, 2) the CBG is being transmitted and the related soft buffer does not need to be flushed out, 3) the CBG is being transmitted and the related soft buffer needs to be flushed out, the reduction of CBG transmission indicator bits can be discussed according to the number of CBG’s. If eMBB puncturing for URLLC is not used, then CBG buffer flushing indicator is not necessary and can be configured not to be used.
The above parameters are closely related with each other. So, if one parameter is agreed to have, then other parameter may not be needed. For CBG transmission indicator, it can be also discussed whether the CBG transmission indicator on which CBG’s are being retransmitted are needed. If there is no bit field in DCI to indicate which CBG’s are being retransmitted, the gNB needs to be enforced to transmit CBG’s according to the HARQ-ACK feedback from a UE.

Proposal 3: Discuss which parameters are needed in DCI to support CBG-based retransmission.

2.4 Uplink aspects for CBG-based retransmission 

In the above, the discussion is focused on the aspects of DL data transmission. CBG-based retransmission can be also considered for UL data transmission in order to reduce UE power consumption by omitting retransmission of unnecessary CB’s. When asynchronous UL HARQ is considered, CBG-based retransmission for UL may be simpler than that for DL since DCI carries UL grant as HARQ-ACK feedback.
Proposal 4: CBG-based retransmission is supported for both DL and UL data transmission.
3 Conclusions
In this contribution, CBG-based retransmission of a TB was discussed. It can be summarized as below.
Proposal 1: Define CBG by grouping CB’s after CB segmentation from a TB.
Proposal 2: Discuss detailed procedure of HARQ-ACK with Alt 1 and Alt 2 above.
Proposal 3: Discuss which parameters are needed in DCI to support CBG-based retransmission.
Proposal 4: CBG-based retransmission is supported for both DL and UL data transmission.
Throughout this contribution, several possibilities to go with CBG-based retransmission are shown and discussed. With those options, CBG-based retransmission as working assumption can be confirmed. 
Proposal 5: Confirm the working assumption to support CBG-based retransmission. 
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