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1 Introduction

Most aspects of the CBG-based operation were finalized at the past few RAN1 meetings and control signaling details have been captured in TS 38.213. This contribution addresses a few open issues for CBG-based transmission including interpretation of the CBGTI and CBGFI fields. Some open issues on HARQ-ACK feedback when CBG-based DL transmission is configured are treated in a separate contribution [1].

2 Discussion
A first issue is the actual value of the CBGTI field in a DCI scheduling CBG-based (re-)transmission of a TB as this has not been formally agreed. A bit value of ‘1’ may be used to indicate transmission of a corresponding CBG whereas a bit value of ‘0’ indicates the CBG is not transmitted.

Proposal: add description of CBGTI field values to 38.213 such that for a TB consisting of 
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[image: image2.wmf]CBG/TB

ACK

HARQ

-

N

bits of the CBGTI field indicates that the corresponding CBG is transmitted whereas a bit value of ‘0’ indicates that the CBG is not transmitted. 
An outcome of this proposal is whether the all-zero field may provide some signaling functionality as summarized in [2]. One motivation is to support dynamic switching between TB-level and CBG-level HARQ-ACK feedback to address dynamic fluctuations in UL coverage. Note that scheduling a DL transmission using the fallback DCI format already provides TB-level HARQ-ACK feedback. However using the all-zero CBGTI state could be a means of signaling TB-level HARQ-ACK feedback using the non-fallback DCI formats (0_1/1_1) and can adopted if no error cases are identified.
Observation: using the all-zero CBGTI value to indicate a TB-level HARQ-ACK feedback may be adopted if no error cases are identified. 
Regarding CBGFI, either absolute or toggled states may be used to indicate whether some or all CBGs may be handled differently between the present reception and a previous reception stored in the soft buffer. The toggled state resolves any error cases such as a missing PDCCH at the UE and ambiguity of DTX/NACK at the gNB. But in our view error cases below 10-2 do not need optimized solutions. 
Proposal: either absolute or toggled states can be used to indicate a positive value of CBGFI.
2.1 UE behaviour based on flushing or pre-emption indication 

RAN1 made the following agreement communicated in a LS response to RAN2 [3] 
	· Code-block group based retransmissions and pre-emption indication

· CBG-based retransmissions allow for the gNB to not retransmit the code blocks that belonged to code block groups containing only correctly decoded code blocks.

· Pre-emption indication allows the gNB to indicate to the UE that some physical layer resources has been pre-empted compared with the original resource assignment 

· For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block.

· Under current RAN1 understanding, RAN1 advices RAN2 can proceed with the HARQ design without taking into account the progress of CBG retransmissions and pre-emption indication.

· RAN1 will strive for making CBG retransmissions and pre-emption indication not visible to MAC specification.


The MAC specification in TS 38.321 somewhat reflects this viewpoint by the following text in Sec. 5.3.2.2

	The MAC entity then shall:

1>
if this is a new transmission:

2>
attempt to decode the received data.

1>
else if this is a retransmission:

2>
if the data for this TB has not yet been successfully decoded:

3>
instruct the physical layer to combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data.

< text omitted>


Regarding these features, RAN1 agreements are as follows:
· CBGFI (CBG flushing out information): means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining
· Pre-emption indication: the indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB
From these two definitions of the intended functionality, and the MAC specification text shown above, the physical layer at the UE can determine how to combine the received data with the data currently in the soft buffer. Note that the flushing indication is a single bit which is too coarse to pinpoint the exact bits in the soft buffer that can be flushed. Similarly, the pre-emption indication, while of finer granularity, is still too coarse to provide bit-level precision.  Thus, it can be left to UE implementation how to make use of the assistance information provided by a DCI format 1_1 containing CBGFI or format 2_1 containing PI. 

Proposal: capture the functionality of CBGFI in TS 38.214 stating that a positive value of the CBGFI field indicates to a UE that one or more CBGs may be handled differently for soft buffer combining.
A related aspect is whether both CBGFI and monitoring for PI in a DCI format 2_1 can be simultaneously configured for a UE and, if so, what should be the UE behaviour if both are received for the same TB of a given HARQ process. In our view it is up to the network whether or not to configure one or both features. If both are configured, we note that the PI may provide finer granularity but there is no need to specify any prioritization. It can be left to UE implementation how to make use of any and all assistance information.

Proposal: if a UE is configured to monitor DCI format 2_1 and DCI format 1_1 containing CBGFI, it is up to UE implementation how to make use of any and all assistance information provided regarding a previous PDSCH reception.
3 Conclusion
This contribution discussed several open issues for CBG-based operation. The proposals are summarized below and a text proposal to TS 38.213 based on Proposal 1 is provided in the appendix. 
· Observation: using the all-zero CBGTI value to indicate a TB-level HARQ-ACK feedback may be adopted if no error cases are identified. 
· Proposal 1: add description of CBGTI field values to 38.213 such that for a TB consisting of 
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bits of the CBGTI field indicates that the corresponding CBG is transmitted whereas a bit value of ‘0’ indicates that the CBG is not transmitted.
· Proposal 2: either absolute or toggled states can be used to indicate a positive value of CBGFI.
· Proposal 3: capture the functionality of CBGFI in TS 38.214 stating that a positive value of the CBGFI field indicates to a UE that one or more CBGs may be handled differently for soft buffer combining.
· Proposal 4: if a UE is configured to monitor DCI format 2_1 and DCI format 1_1 containing CBGFI, it is up to UE implementation how to make use of any and all assistance information provided regarding a previous PDSCH reception.
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5 APPENDIX

5.1 Text proposal to 38.213 

------------------------------------------------ Start of text proposal for 38.213 ---------------------------------------------
9.1.1
CBG-based HARQ-ACK codebook determination

If a UE is configured per serving cell with higher layer parameter CBG-DL = ON, the UE receives PDSCHs that include code block groups (CBGs) of a transport block. If the UE is configured by higher layer parameter CBG-DL = ON, the UE is configured by higher layer parameter CBGs-per-TB-DL per serving cell a maximum number 
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 of CBGs for generating respective HARQ-ACK information bits for a transport block reception. 

For a number of 
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 code blocks (CBs) in a transport block, the UE determines a number of CBGs as 
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 HARQ-ACK information bits through a one-to-one mapping with the 
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 CBGs. If the UE receives two transport blocks, the UE concatenates the HARQ-ACK information bits for the second transport block after the HARQ-ACK information bits for the first transport block. 
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 CBs in a CBG as the initial transmission of the transport block. 

If a DCI format scheduling the (re)transmission of a transport block includes a CBG transmission information (CBGTI) field of 
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 bits, where the first 
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 bits of the CBGTI field have a one-to-one mapping with the 
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 CBGs, the UE determines whether or not a CBG is (re)transmitted based on a corresponding value of the CBGTI field. A bit value of ‘1’ in any of the first 
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 bits indicates that the corresponding CBG is transmitted. A bit value of ‘0’ in and of the first 
[image: image22.wmf]CBG/TB

ACK

HARQ

-

N

 bits indicates that the corresponding CBG is not transmitted.
If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the HARQ-ACK codebook includes the 
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 HARQ-ACK information bits and, if 
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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 in the HARQ-ACK codebook. 

If the UE generates a HARQ-ACK codebook in response to a retransmission of a transport block, corresponding to a same HARQ process as a previous transmission of the transport block, the UE generates an ACK for each CBG that the UE correctly decoded in a previous transmission of 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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 CBGs, the UE generates a NACK value for each of the 
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 CBGs. 

If a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, the UE generates HARQ-ACK information only for the transport block in the PDSCH. 

If a UE is not configured with higher layer parameter CBG-DL = ON, the UE generates one HARQ-ACK information bit per transport block. 

------------------------------------------------ End of text proposal for 38.213 ---------------------------------------------
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