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1 Introduction
At the RAN1 #88 meeting, it was decided that NR supports code block group (CBG) based HARQ operation and the following decisions regarding general design principle on CBG-based operation was taken [1]:
	Agreement:
· For TB of size TBS > KCB,max – LTB,CRC, the TB is segmented into multiple CBs

· The CBs may be further grouped into code block groups (CBGs)

· It is not precluded that CBGs in a given TB may contain different numbers of CBs
Agreement:
· 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

Agreement:
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

Agreements:
· For grouping CB(s) into CBG(s), the following options can be considered.

· Option 1: With configured 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 configured number of CBGs

· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.

· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· FFS: for the case of re-transmission

· FFS on details of each option

· FFS: CBG is approximately aligned with symbol(s)

· Other options are not precluded




In this contribution, we discuss the scheduling aspects of CBG-based data transmission in order to utilize the multiple HARQ-ACK feedback bits from multiple CBGs within one TB to improve the resource efficiency. 
2. Discussion
TB-based scheduling and HARQ operation are used in LTE. As extensively discussed in previous meetings, the multiplexing of eMBB and URLLC operation can result in severe performance degradation of eMBB traffic due to transmission side puncturing of transmissions to eMBB UEs to satisfy the stringent latency requirement of the URLLC service. CBG-based HARQ operation enables a finer-granularity retransmission for a large transport block and hence offers better performance for the scenario where eMBB and URLLC services are dynamically multiplexing in NR. 

PDCCH needs to convey information about the retransmitted CBGs for soft combination operation. One way of encoding the CBG information is to introduce an additional CBG indicator field (CBGIF) in the DCI formats. Configuration of the presence of CBGIF can be UE specific. How many bits to use for this CBGIF field depends on the number of configured CBGs for DL and UL transmissions. UE could implicitly conclude how many bits to expect for CBGIF field in the DL/UL assignments based on the number of CBs per CBG configured by gNB (i.e. Opt.2). The number of bits required for CBGIF in DCI formats could also be explicitly signalled to the UE by higher layers (i.e. Opt.1). 
In addition, the need to signal the cause of CBG retransmission during HARQ operation is worth discussing. In our view, it is beneficial to signal the reason i.e. whether it is due to the puncturing of URLLC or other reasons to facilitate the soft combination on PDSCH thereby improving decoding performance. 1-bit field seems sufficient to achieve this design target with a negligible extra overhead. Some further options are discussed in [3]. As one example, 1-bit field per CBG to indicate the reasoning may be desirable to provide the accurate side information for proper soft combining at the UE. However, if it is deemed necessary to avoid any extra signalling overhead, one possible way is to re-interpret existing fields of NR DCI with some restriction on CBG-based HARQ retransmission.   
An example of CBGIF field is given in FIG.1. 
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Figure 1: Example of a DCI format for CBG-based operation 

Regarding the interpretation of the CBGIF bits, it is important to ensure a common understanding between the gNB scheduler and the UE of the CBGIF meaning. In order to enable a full flexibility of addressing any CBG retransmission, a bit map approach can be naturally considered. The gNB scheduler is well aware of the UE geometry and therefore the CBGIF signalling overhead can be properly controlled by gNB for a respective UE. 
Proposal 1: One CBGIF field is included in the DCI format to dynamically indicate the CBGs scheduled for retransmission. 
Proposal 2: To achieve efficient CBG-based operation, pre-emption indication corresponding to the retransmitted CBG in DCI format should be considered as an assist information for soft combination at the UE.  
Furthermore, some discussions are needed regarding how the CBGIF field should be handled in the DCI format for initial transmission, i.e. whether this field is present for this case or alternatively only present in case of a retransmission. In principle, CBGIF is not needed for DCI formats for initial transmission and could be absent. However, this changes the DCI format size and the UE would have to monitor each DCI format with an additional payload size which could increase the number of blind decoding (BD) per CC. Therefore, a single DCI format size is preferred for initial transmission and retransmission. The CBGIF bits can be set with predefined values, e.g. all zeros and then can be further utilized for DCI decoding at the UE to improve the decoding performance with side information. Alternatively, as detailed in our companion contribution [2], the CBGIF field in the DCI for initial transmission can be used to provide more flexibility to align CBGs with physical symbols to the maximum extents thereby improving the CBG-mapping efficiency. Such a mechanism can also handle the scenarios when the number of CBs is smaller than the number of CBGs. For instance, the maximum N CBGs can be configured by higher layers for a given UE and the actual number of CBGs for initial transmission in a slot can be signalled by using bitmap CBGIF field, similar to the retransmission indication usage.    
Proposal 3: The CBGIF field is present in the DCI formats for initial transmission and retransmission once CBG-based operation is configured by higher layers. 
The introduction of CBGIF in a PDCCH inevitably change the DCI format size and results in a new DCI format. When a UE is semi-statically reconfigured from CBGIF-less to with CBGIF (or vice versa) using RRC signaling, there is no longer a common DCI format size maintaining non-ambiguous gNB-UE communication in the UE-specific search space in a control resource set.  Whether and, if yes, how to preserve the data communication during this RRC configuration period needs to be studied and concluded.  
3. Conclusions
In this contribution we have studied the scheduling aspects to enable CBG-based operation and proposed the following: 

Proposal 1: One CBGIF field is included in the DCI format to dynamically indicate the CBGs scheduled for retransmission. 

Proposal 2: To achieve efficient CBG-based operation, pre-emption indication corresponding to the retransmitted CBG in DCI format should be considered as an assist information for soft combination at the UE

Proposal 3: The CBGIF field is present in the DCI formats for initial transmission and retransmission once CBG-based operation is configured by higher layers. 
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