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1 Introduction
Code block group (CBG) based transmission is supported in NR [1]:

Agreements:
· For the purpose of further discussion, we conclude following:

· For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 
· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 
· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining

However, the UE procedures for receiving CBG based downlink shared channel and transmitting uplink shared channel are not yet implemented in TS 38.214. 

Furthermore, correction to the CBG based codebook determination is needed to reflect the following agreement regarding the fallback DCI scheduling when the UE is configured with CBG based transmissions [2].
Agreements:
· When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing

· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing

· Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback
In this contribution, we discuss proposals to implement the features in TS 38.214 as well as simplify related HARQ-ACK feedback clauses in TS 38.213 based on the proposals for TS 38.214.

2 Discussion
2.1  CBG related DCI fields in TS 38.212

The “CBG transmission information” field is included in DCI format 0_1/1_1 if and only if the UE is configured with higher layer parameter codeBlockGroupTransmission = true. This should be incorporated in the DCI description. 

When codeBlockGroupTransmission = true is configured, the width of the “CBG transmission information” field is determined as follows
· For the uplink, the bit width is determined by the higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH.

· For the downlink, the bit width is determined by the higher layer parameters maxCodeBlockGroupsPerTransportBlock and maxNrofCodeWordsScheduledByDCI for PDSCH. When maxNrofCodeWordsScheduledByDCI = 1, the bit width is given by maxCodeBlockGroupsPerTransportBlock. When maxNrofCodeWordsScheduledByDCI = 2, the bit width is two times maxCodeBlockGroupsPerTransportBlock.
2.1.1 Text proposal for TS 38.212

Proposed changes for DCI format 0_1 in Section 7.3.1.1.2:

------------ Beginning of text proposal ------------
CBG transmission information – 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH if the UE is configured with higher layer parameter codeBlockGroupTransmission = true for the PUSCH and 0 bit otherwise.
------------ End of text proposal ------------
Proposed changes for DCI format 1_1 in Section 7.3.1.2.2:
------------ Beginning of text proposal ------------
CBG transmission information – 2, 4, 6, or 8 bits as defined in section 5.1.3.3 of [6, TS38.214], determined by higher layer parameters maxCodeBlockGroupsPerTransportBlock for the PDSCH and maxNrofCodeWordsScheduledByDCI for the PDSCH if the UE is configured with higher layer parameter codeBlockGroupTransmission = true for the PDSCH and 0 bit otherwise.
------------ End of text proposal ------------
2.2 CBG related procedures for receiving and transmitting physical shared channels in TS 38.214
The UE requires instructions on how the presence or absence of CBG related DCI fields should be processed for receiving a physical downlink shared channel or transmitting a physical uplink shared channel. The UE shall know how to construct the code block groups, the bit width of the “CBG transmission information” field in the DCI, how the “CBG transmission information” should be interpreted in order to receive or transmit the correct code blocks in a shared channel. 
Note that the UE configured with CBG based transmission shall construct the code block groups even when DCI format 1_0 is received in order to prepare multiplexed HARQ-ACK codebook(s). See further discussion in Section 2.3 below.
The current agreement on the interpretation for “CBG flushing out information” is also included for PDSCH reception. 
2.2.1 Text proposal for 38.214

------------ Beginning of text proposal ----------------------------
5.1.3
Modulation order, target code rate, transport block size, and code block reception determination

------------ Unchanged parts omitted --------------------

------------ Beginning of new section ------------

5.1.3.3 Code block reception determination

If the UE is not configured by higher layer parameter codeBlockGroupTransmission = true for the serving cell, the UE shall assume all code blocks for a transport block are included in the physical downlink shared channel.

If the UE is configured by higher layer parameter codeBlockGroupTransmission = true for the serving cell, the UE is configured a maximum number of CBGs, 
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. A retransmission of a transport block to a UE, corresponding to a same HARQ process as a previous transmission of the transport block to the UE, includes the same code blocks in a CBG as the initial transmission of the transport block. 

· If the UE receives a DCI format 1_0, the UE shall assume all code blocks for each of the 
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 CBGs of a transport block are included in the physical downlink shared channel.

· If the UE receives a DCI format 1_1, the UE shall read the “CBG transmission information” field in the DCI to determine a bitmap 
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 of length maxCodeBlockGroupsPerTransportBlock for the transport block if the higher layer parameter maxNrofCodeWordsScheduledByDCI = 1; or bitmaps 
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, each of length maxCodeBlockGroupsPerTransportBlock, for the first and second transport blocks, respectively, if the higher layer parameter maxNrofCodeWordsScheduledByDCI = 2. For a transport block, the first 
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bits in the determined bitmap have a one-to-one mapping to the 
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CBGs for the transport block with value 1 indicating the code blocks of the corresponding CBG are included in the physical downlink shared channel and value 0 indicating the code blocks of the corresponding CBG are excluded. If the UE is configured with higher layer parameter codeBlockGroupFlushIndicator = true and the value of the “CBG flushing out information” field in the DCI is 1, the UE can handle the soft-buffer/HARQ combining of the received code blocks differently.

------------ End of new section ------------

------------ Unchanged parts omitted --------------------
6.1.4
Modulation order, target code rate, transport block size, and code block reception determination
------------ Unchanged parts omitted --------------------
------------ Beginning of new section ------------

6.1.4. Code block transmission determination

If the UE is not configured by higher layer parameter codeBlockGroupTransmission = true for the serving cell or receives a DCI format 0_0, the UE shall assume all code blocks for the transport block shall be included in the physical uplink shared channel.

If the UE is configured by higher layer parameter codeBlockGroupTransmission = true for the serving cell, the UE is configured a maximum number of CBGs, 
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, for the transport block for the serving cell by higher layer parameter maxCodeBlockGroupsPerTransportBlock. If the UE receives a DCI format 0_1, the UE shall determine a number of code blocks,
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. A retransmission of a transport block from a UE, corresponding to a same HARQ process as a previous transmission of the transport block from the UE, includes the same code blocks in a CBG as the initial transmission of the transport block. The UE shall read the “CBG transmission information” field in the DCI to determine a bitmap CBGTI of length maxCodeBlockGroupsPerTransportBlock. For the transport block, the first 
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bits in the determined bitmap have a one-to-one mapping to the 
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CBGs for the transport block with value 1 indicating the code blocks of the corresponding CBG shall be included in the physical uplink shared channel and value 0 indicating the code blocks of the corresponding CBG shall be excluded.

------------ End of new section ------------

------------ End of text proposal ------------
2.3 CBG based HARQ-ACK codebook determination procedures in TS 38.213

Since much of the UE behaviour related to data processing is described in the text proposals in the previous section for 38.214 and the UE has computed the needed quantities when processing the DCI, the text in section 9.1.1 of 38.213 can be simplified as proposed below.
The last paragraph of section 9.1.1 is deleted to reflect that the title of the section is “CBG-based HARQ-ACK codebook determination”.

The second last paragraph is not consistent with the following agreement [2]:
Agreements:
· When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing

· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing

· Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback
In the proposed text below, the TB HARQ-ACK generation is restricted to when the UE is not multiplexing HARQ-ACK information for more than one PDSCH. 
2.3.1 Text proposal for TS 38.213

------------ Beginning of text proposal ------------
9.1.1
CBG-based HARQ-ACK codebook determination
If a UE is configured per serving cell with higher layer parameter codeBlockGroupTransmission = true, the UE receives PDSCHs that include code block groups (CBGs) of a transport block as defined in section 5.1.3.3 of [6]. The UE shall generate 
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 HARQ-ACK information bits for the transport block if maxNrofCodeWordsScheduledByDCI = 1 and 
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 concatenated HARQ-ACK information bits for the first and second transport blocks if maxNrofCodeWordsScheduledByDCI = 2. For each received transport block, each of the first 
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 HARQ-ACK information bits shall be set to ACK if all the CBs in the corresponding CBG are detected in this or a previous transmission of the transport block and NACK otherwise. 
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 for a transport block, the UE generates a NACK value for the last 
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 HARQ-ACK information bits for the transport block. 

If a UE correctly detects each of the 
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 CBGs and does not correctly detect the transport block for the 
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If a UE is reporting HARQ-ACK for a single PDCCH monitoring occasion consisting of a single PDSCH scheduled by a PDCCH with DCI format 1_0, the UE generates HARQ-ACK information only for the transport block in the PDSCH.


------------ End of text proposal ------------
3 Conclusion
Proposals to implement UE procedures for receiving CBG based downlink shared channel and transmitting uplink shared channel in TS 38.214 were presented as text proposals. A text proposal was also presented to simplify related HARQ-ACK feedback clauses in TS 38.213 based on the text proposals for TS 38.214.
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