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1 Introduction
During the RAN1#88b [1] meeting, the working assumption for CBG (re)-transmissions has been confirmed.
	Agreements:
· Confirm the working assumption as below.
· 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
· 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



And in RAN1#89 [2], it was 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.
· 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

Agreements:
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.
· The difference of CB number per CBG between any two CBGs is either 0 or 1.
· FFS on the detailed rule for the CB grouping.
· Study further benefit and realization of non-uniform CB distribution across CBGs.




Furthermore, in RAN1#Adhoc 2 it was agreed to have an email discussion about various CBG aspects.
	Agreements:
Email approval until 13th July about followings to have down selection – Jeongho (Samsung)
· For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90. 
· Option 1. RRC signaling (for bit-field size)
· Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size) 
· Option 3. both Option 1 and Option 2 
· [bookmark: OLE_LINK52][bookmark: OLE_LINK58]To determine the number of CBG HARQ-ACK bits per TB, the following options are considered for down-selection in RAN1#90.
· Option 1. A UE transmits HARQ-ACK bits only for scheduled CBGs.
· “scheduled CBGs” means the CBGs scheduled in a (re)transmission
· Option 2. A UE transmits HARQ-ACK bits for indicated CBGs.
· FFS: “indicated” is realized by RRC, MAC, L1 signalling
· Option 3. both Option 1 and Option 2 by configuration
· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.
· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted 
· Option 2. There is separate 1-bit bit-field for TB-level NDI.
· [bookmark: OLE_LINK59][bookmark: OLE_LINK53][bookmark: OLE_LINK54]When CBG-based retransmission is configured, TB-level HARQ-A/N is supported and at least following options can be considered for down-selection in RAN1#90. 
· Option 1. Add 1 bit upon CBG-level HARQ-ACK bits 
· Option 2. Use all NACK of CBG-level HARQ-ACK bits
· Option 3. Use different PUCCH format or PUCCH resource
· For HARQ-ACK codebook for CBG-based retransmission, the following options are considered for down-selection in RAN1#90.
· Option 1. Dynamic codebook determination for multiple PDSCHs
· Option 2. Semi-static codebook determination for multiple PDSCHs
· Option 3. both Option 1 and Option 2 by configuration




In this contribution we give some considerations on the DCI scheduling the CBGs.
2 Discussion
There are 2 types of DL data transmissions, TB-based and CBG-based. One DCI is needed for the TB based transmission and another one is needed for the CBG based transmission.
In our view the CBG based DCI should be based on the TB based DCI as much as possible. For the TB-based transmission, an information field in the DCI describes the scheduled time- and frequency resources. Also for the CBG based transmission, there should only be one field to inform about the totally scheduled resources. How the different CBGs are then formed is derived based on the TBS and the number of indicated CBGs. The exact formula how to achieve this is still FFS.
Proposal 1: For CBG based transmission, only common information field(s) for all CBGs is/are used to indicate the totally scheduled time and frequency resources. 
The agreement from RAN1#89 says that CB grouping depends on the TBS and the number of configured CBGs. The meaning of TBS in this context needs some clarification in order to avoid confusion for the re-transmissions. For the re-transmissions, the CBGs should not be formed depending on the size of the full TB but instead be based on the partial TB size that is re-transmitted and the number of CBGs that are indicated in the (re)-transmission. As example, assume that the TB consists of 8*6144 = 49152 bits and that 8 CBGs are configured. 2 CBGs are re-transmitted. For the initial transmission the grouping will be calculated based on TBS=49152 and 8 CBGs. For the re-transmission, the grouping will be calculated based on 2*6144 bits and 2 CBGs. 
Proposal 2: For CBG based re-transmission, the CBG grouping is calculated based on the bits of the partially re-transmitted TB and the number of indicated CBGs.
The maximum number of CBGs needs to be agreed. Our assumption is that 8 CBGs is the maximum value, but we have not a strong view on this value. Then, the DCI to indicate the CBG re-transmission needs to have 8 extra bits, one for each CBG.
Proposal 3: The DCI of the CBG transmission is extended compared to the TB-based transmission. For each possible CBG one extra bit is needed to indicate the presence/absence of a CBG.
The NDI as known from TB-based transmissions shall be kept and used for CBG based transmission as well, NDI should be indicated separately for each CBG. Thus, if NDI is toggled, the UE knows that it is receiving an initial transmission. It is further proposed that the initial transmission of a TB, even if CBGs are configured, always consists of a full TB
Proposal 4: When CBG-based transmission is configured, NDI is indicated separately for each CBG
For CBG transmissions, even if the UE is receiving a full initial TB, the UE must know how many CBGs are used, so that it can configure its HARQ feedback accordingly. There are at least two options to provide this information to the UE, a) with RRC signaling, and b) with indication in the DCI. We slightly prefer option a)  
Proposal 5: For CBG-based initial transmission, the UE can be informed by RRC signaling and/or dynamic indication about the number of CBGs that are used. We slightly prefer the former option.
Furthermore, we want to express our view on two aspects that have been discussed in the Email discussion [NRAH2-08], [3].
Discussion of “Indicated number of CBGs”. 
I this email discussion, following options have been mentioned for down-selection to indicate the number of CBGs:
	
· For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90. 
· Option 1. RRC signaling (for bit-field size)
· Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size) 
· Option 3. both Option 1 and Option 2 



In our view, the number of CBGs indicated by the RRC signaling will be the number of bits for the "bitmap" signaling that is used in the DCI to indicate which CBG is (re)transmitted. If the UE is configured in CBG mode and gets receives an indication for the number of CBGs, then the UE can assign the CBs to CBGs according to a predetermined rule. 
Option 2 above offers the benefit that the base station can dynamically modify the number of CBGs being indicated and thereby to the HARQ-ACK bit overhead. This is not possible with option 1. There, the number of feedback bits remains constant. For example, assume in Option 1 that RRC signaling indicated the number of CBGs as 10. Then, the UE can always assign the CBs to 10 CBGs. The number of HARQ-ACK bits is determined based on the indicated number of CBGs (10), which results in a large signaling overhead.

For option 2, on the other hand, the number of CBGs is indicated as 10 through RRC signaling, but could be dynamically modified. If there is a shortage of PUCCH resources, for example, or multi-TB feedback is employed, then the base station could use a small number of CBGs. With Option 2, the base station has the possibility to dynamically modify the CBG number to 2.
Proposal 6: L1+RRC signaling is used to indicated the number of CBGs.
Discussion of NDI for TB and CBGs 
Another issue that is discussed in the [NR-AH2-08] is the handling of NDI for TB and CBGs. 
	
· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.
· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted 
· Option 2. There is separate 1-bit bit-field for TB-level NDI.



In our view there is no need to have a separate NDI for the TB when CBGs are configured. We slightly prefer Option 1
Proposal 7: TB-level NDI is jointly encoded with the information on which CBGs is/are (re)transmitted.
3 Summary and Conclusion
In this contribution, we have discussed DCI related issues for CBG-based transmission. We make the following proposals.
Proposal 1: For CBG based transmission, only common information field(s) for all CBGs is/are used to indicate the totally scheduled time and frequency resources. 
Proposal 2: For CBG based re-transmission, the CBG grouping is calculated based on the bits of the partially re-transmitted TB and the number of indicated CBGs.
Proposal 3: The DCI of the CBG transmission is extended compared to the TB-based transmission. For each possible CBG one extra bit is needed to indicate the presence/absence of a CBG.
Proposal 4: When CBG-based transmission is configured, NDI is indicated separately for each CBG
Proposal 5: For CBG-based initial transmission, the UE can be informed by RRC signaling and/or dynamic indication about the number of CBGs that are used. We slightly prefer the former option.
Proposal 6: L1+RRC signaling is used to indicated the number of CBGs.
Proposal 7: TB-level NDI is jointly encoded with the information on which CBGs is/are (re)transmitted.
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