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1 Introduction
At RAN1 NR Ad-Hoc 2, the following was agreed for CBG-based operation [1]: 

	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 discuss and express our views on the details of DCI design and other FFS aspects of CBG-based (re)transmission for NR system.
2. Discussion
For NR, CBG-based operation is mainly motivated to efficiently multiplex eMBB and URLLC traffic in a slot by allowing retransmissions with finer-granularity for large transport blocks of eMBB data. 
2.1 Signaling aspects
At RAN1#89, it was agreed that PDCCH needs to convey information about the retransmitted CBGs for soft combining operation. As depicted in FIG.1, one way of encoding the information of the retransmitted CBG(s) is to introduce a CBG indicator field (CBGIF) in the DCI formats. The configuration of the presence of CBGIF can be UE specific and can be only applied for the PDCCH USS. The number of bits to be used for the CBGIF field depends on the number of configured CBGs for DL and UL transmissions and can be explicitly signalled to the UE by higher layers. 
In order to enable full flexibility when addressing CBG retransmission(s), a bitmap approach can be naturally considered for the CBGIF field. The gNB scheduler is well aware of the UE geometry and, therefore, the CBGIF signalling overhead can be properly managed by gNB for a specific UE.  
Furthermore, some discussion is 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 is only present in the case of a retransmission. As detailed in our companion contribution [2], the CBGIF field allows the network to precisely align CBGs with variable physical symbols of URLLC traffic to the maximum extent, thereby improving the CBG-mapping efficiency. Such a mechanism is important and can also handle the scenarios where the number of CBs is smaller than the number of CBGs. For instance, the maximum number ‘N’ of 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 smaller than this value and dynamically signalled by using the bitmap in the CBGIF field, similarly to the retransmission indication use.    
Proposal 1: 

· One CBGIF field is present in the DCI formats for initial transmission and retransmission once CBG-based operation is configured by higher layers.
· The CBGIF field using a bitmap dynamically indicates the CBGs scheduled for initial and retransmission.
According to previous agreements [1], the information regarding which CBGs should be handled differently for soft-buffer/HARQ combining needs to be provided in the DCI format, e.g., the retransmission is due to puncturing of URLLC or other reasons. As shown in FIG.1, one cause Indicator (CI) field can be therefore included to provide accurate side information for proper soft combining at the UE. Depending on the need for flexibility, different formats of the CI field can be anticipated, e.g., one bit per CBG or per retransmitted CBG as detailed in [2]. On the other hand, if it is deemed necessary to avoid any additional signalling overhead, re-interpreting existing fields of NR DCI with some restrictions on the CBG-based HARQ retransmission can be considered. 
Proposal 2: 
· Define a Cause Indicator (CI) field in DCI format to indicate which of the retransmitted CBG(s) should not be combined due to URLLC-related puncturing on the previous transmission or other reasons. 
 An example of DCI format for CBG-based operation is given in FIG.1. 
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Figure 1: Example of a DCI format for CBG-based operation 
In LTE system, 1-bit NDI field is explicitly signalled in DCI format in order to fasciliate UE to differentiate between two following error events: 
· ACK-to-NACK error on UL (transport block n)

· Missed DL assignment on PDCCH (transport block n+1) combined with interpreting an UL DTX on the ACK/NACK channel as a NACK

Since NDI value is toggled every new transport block, which differentiate two consecutive transport block n and n+1. In our view, this functionality is still required for CBG-based transmission and therefore 1-bit TB-level NDI should be kept in the DCI format for CBG-based transmissions so as to ensure a robust TB-level HARQ. Hence, we propose as follows:    

 Proposal 3: 

· Introduce a separate 1-bit TB-level NDI.
2.2 Timing of CBG-based retransmission

We do not see a clear need to define a fixed timing or window for CBG-based subsequent retransmission. In our view, the gNB scheduler should have full freedom to decide an optimal time slot for subsequent retransmission based on different use scenarios or application cases. In some cases, when gNB expects that the impacted transmission can be successfully decoded by the receiver taking into account only the pre-emption indication, e.g., due to low MCS and limited puncturing, gNB may avoid retransmission of the impacted eMBB data before receiving its ACK/NACK feedback. However, in other cases, the gNB scheduler may decide to retransmit the affected CBGs before getting the associated HARQ-ACK feedback. 
Proposal 4: 
· Timing of CBG-based (re)transmission should be left to the gNB scheduler. 
It is worth noting that the UE processing timeline should be carefully studied in both these cases. As discussed in our companion contribution [2], we believe the subsequent CBG-based retransmission, if conducted by gNB, should follow its own HARQ-ACK timline based on the DCI format used for retransmission. 
Proposal 5: 
· The HARQ-ACK for CBG-based PDSCH retransmission follows the original A/N timeline as indicated in the scheduling DCI. 

3. Conclusions
In this contribution, different aspects of CBG-based operation were discussed. Following proposals were made with respect to discussions on control signaling design and retransmission timing of CBG(s):  
Proposal 1: 

· One CBGIF field is present in the DCI formats for initial transmission and retransmission once CBG-based operation is configured by higher layers.
· The CBGIF field using a bitmap dynamically indicates the CBGs scheduled for initial and retransmission.
Proposal 2: 
· Define a Cause Indicator (CI) field in DCI format to indicate which of the retransmitted CBG(s) should not be combined due to URLLC-related puncturing on the previous transmission or other reasons. 

Proposal 3: 

· Introduce a separate 1-bit TB-level NDI.
Proposal 4: 
· Timing of CBG-based (re)transmission should be left to the gNB scheduler. 
Proposal 5: 
· The HARQ-ACK for CBG-based PDSCH retransmission follows the original A/N timeline as indicated in the scheduling DCI. 
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