[bookmark: OLE_LINK3][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #90                                       	                               R1-1713953
Prague, Czechia, 21th – 25th August 2017

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	CBG construction
[bookmark: Source]Agenda Item:	6.1.3.3.4.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN1#89 and NR Ad-Hoc#2 meetings, following agreements and working assumption were achieved for CBG construction [1] – [2]:
	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.

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 addition, following was approved by an Email discussion [NRAH2-08] for the indication of the number of CBGs per TB [3].
	· 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 this contribution, we present our views on remaining issues for CBG construction. DL and UL signalling aspects for CBG-based (re-)transmission are discussed in [4] – [5]. 
2. CBG construction
For LTE, transport block (TB) size is determined based on the MCS index, the number of layers, and the number of PRBs. Besides, in case of shorter transmission duration, depending on how many OFDM symbols the data spans, the TB size is scaled. When the TB size is larger than a certain value, code-block (CB) segmentation is carried out. For NR, similar/same CB segmentation is expected to be applied, so that decoder can work for a CB with a reasonable length.
For the indicated number of CBGs per TB, there are three options. Option 1 uses RRC signalling to configure the number of CBGs and L1 signalling uses the bitmap to indicate which CBG is transmitted. For example, RRC configures the number of CBGs per TB is 8, then 8-bit indication filed in the L1 signalling is used to indicate the transmission status of the 8 CBGs. Option 2 uses RRC signalling to define the bit-field size in L1 signalling and L1 signalling uses the coded value to indicate the number of transmitted CBGs. For example, RRC configures the bit-field size is 3, then 3-bit indication field in L1 signalling can indicate the number of transmitted CBGs is from 1 to 8. Compared to Option 1, Option 2 can reduce the L1 signalling overhead. However, Option 2 cannot ensure the common understanding between gNB and UE on which CBG is (re)transmitted considering the A-to-N and N-to-A detection error. Option 3 is to make Option 1 and Option 2 configurable, but such flexibility is unnecessary. NR already has many configurable features, it is desirable to reduce the configurability. Therefore, from both DL and UL perspective, it is simple and sufficient to use Option 1. 
Proposal 1:
· Option 1 that RRC signaling (for bit-field size) is used for the indication of the number of CBG(s) per TB. 
In the following, the detailed rule for the CB grouping will be discussed. 
First, the UE will identify the number of CBs and each CB size based on the TB size derived/indicated in the scheduling DCI. Then, according to the number of CBs contained in the TB and the configured number of CBGs, CBs will be grouped. There are three cases need to be taken into account. 
Case 1: the number of CB(s) per transmission is equal to or higher than the number of CBG(s) configured by higher-layer.  
For case 1, the number of CBG(s) is equal to the configured value. As for mapping between CB and CBG, it was agreed to support at least uniform CB distribution across CBGs. Both alternatives that cyclically mapping CBs to CBGs and sequentially mapping CBs to CBGs can be considered to minimize the difference(s) in the number of CB(s) among CBG(s). Figure 1 gives an example for mapping the CBs to CBG.
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               (a). cyclically mapping of CBs to CBGs                           (b). sequentially mapping of CBs to CBGs
Fig. 1	CBG construction when the number of CBs is equal to or larger than the number of CBGs.
Besides, it is preferable to map CB(s) to physical resources in frequency/space first manner in order to enable UE to generate the HARQ-ACK bit for the CBG without delay. It is noticed that when CBG-based transmission is not configured while the preemption indication is configured, it is preferred that the CB(s) mapped to physical resources in time first manner in order to average the error across all the CBGs.
Case 2: the number of CB(s) per transmission is less than the number of CBG(s) configured by higher-layer.
For case 2, it is not possible to construct the number of CBG(s) configured by higher layer. There are also two alternatives for this case as shown in Figure 2.
Alt. 1 is to group all CBs into one CBG; it is similar to the fallback to TB-level transmission. Alt. 2 is to adapt the number of CBG(s) according to the number of CB(s) per transmission; each CBG contains one CB. 
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Fig. 2	CBG construction when the number of CBs is less than the number of CBGs.


Case 3: retransmission of failed/punctured CBG(s)
For re-transmission, there is working assumption made at last meeting that for initial transmission and retransmission, each CBG of a TB has the same set of CB(s). Due to the A-to-N and N-to-A detection error at gNB side, re-constructing the CBs into CBGs will cause misalignment between UE and gNB. Therefore, the working assumption should be confirmed.
Proposal 2:
· For CB(s) grouping, support sequentially mapping of CBs to CBGs.
Proposal 3:
· CBG is constructed in the following way:
· When the no. of CBs per transmission is equal to or larger than the configured no. of CBGs per transmission,
· The no. of CBGs is equal to the configured no. of CBGs per transmission.
· Otherwise,
· The no. of CBGs is equal to the no. of CBs per transmission.
It is beneficial to ensure the alignment between CBG and symbol to ensure pipeline processing and affinity to data preemption. However, whether the CBG and symbol can be aligned depends on the amount of physical resources available for CB mapping. Besides, depending on the multiplexing of CSI-RS, PSS/SSS, etc, within the scheduled physical resources, rate-matching will be carried out, which causes further miss-alignment between CBG and symbol. It is desirable if a slight non-uniformity of CB distribution across CBGs could realize the alignment. Additional benefit of the non-uniform CB distribution is to enable faster processing. For example, the number of CBs in the last CBG can be smaller compared to other CBGs since the processing timeline is restricted by processing the last CBG. Further investigation is necessary after data channel structure and CB segmentation details are clarified.  

3. Conclusion
In this contribution, our view on remaining issues for CBG construction is presented, and following is proposed.
Proposal 1:
· Option 1 that RRC signaling (for bit-field size) is used for the indication of the number of CBG(s) per TB. 
Proposal 2:
· For CB(s) grouping, support sequentially mapping of CBs to CBGs.
Proposal 3:
· CBG is constructed in the following way:
· When the no. of CBs per transmission is equal to or larger than the configured no. of CBGs per transmission,
· The no. of CBGs is equal to the configured no. of CBGs per transmission.
· Otherwise,
· The no. of CBGs is equal to the no. of CBs per transmission.
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Ex) Number of CBGs is 4, while number of CBs per TB is 5
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Example: no. of CBs is 3; no. of configured CBGs is 4.
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