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1. Introduction
A number of agreements on Code block group (CBG)-based HARQ operations were made in RAN1, but RAN2 only made the following agreement on CBG-based HARQ operations in RAN2#98:

1. RAN2 aims to keep Multi-bit HARQ feedback and CBG-based retransmission transparent to the MAC for one TB

The contribution discusses how to capture CBG-based HARQ operation into the MAC specification.
2. Discussion
2.1
Overview of CBG-based HARQ operations
The overall operations of generating Code Blocks (CBs) are illustrated in the following figure:
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    to reduce the overhead of HARQ feedbacks.


Once a MAC PDU (which is mapped to a Transport Block (TB)) is delivered to the physical layer, CRC is appended to TB for the error detection of the TB. The TB with CRC is split into multiple Code Blocks (CBs) for channel coding, and then CRC is appended for each CB. The size of each CB is determined by the size of TB.
From the receiver side, it can identify an error per CB as shown in the figure, but the HARQ feedbacks are transmitted per CB group (CBG) to reduce the feedback overhead. The number of CBG is configured among the values {2, 4, 6, 8} by RRC.

In case of retransmission, PDCCH indicates which CBGs are retransmitted for both DL and UL by the bitmap so called CBGTI (CBG transmission indication) field, along with the NDI and the HARQ process ID.
In LTE, how a UE performs HARQ combining for a TB is described in the MAC specification, and the required parameters e.g. HARQ process ID, NDI, and RV are delivered from PHY layer to MAC sublayer. However, in NR, a UE configured with CBG-based retransmission performs HARQ combining between initial transmission and retransmission for a TB, based on CBGTI (and CBGFI). Hence, the MAC sublayer should be aware of a lot of PHY layer parameters e.g. CBGTI, CBGFI, and channel coding related parameters in order to describe all the HARQ operations in the MAC specification. This would result in too much impact on the MAC specification, and we prefer avoiding such impact on MAC. Therefore, we propose that detailed CBG-based operations are not visible in the MAC specification. Instead, PHY specifications should describe detailed operations regarding CBGTI and CBGFI. We also provide a companion contribution in RAN1 on the issue [2].
Proposal 1: The CBG-specific parameters (i.e. CBGTI and CBGFI) in DCI for NR are not specified in the MAC specification.
2.2
UL HARQ operations

In the running TS, UE performs the following operations once a new transmission or a retransmission is generated:
	To generate a transmission for a TB, the HARQ process shall:

1>
if the MAC PDU was obtained from the Msg3 buffer; or

1>
if there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer in this NR-UNIT:

2>
instruct the physical layer to generate a transmission according to the stored uplink grant.


If RAN1 describes the detailed operations regarding CBGTI and CBGFI, we think the current text in the running MAC TS works for CBG-based HARQ operations without any modfiication.
Proposal 2: No changes are required for UL HARQ operations in the MAC specification.
2.3
DL HARQ operations

Downlink case is a bit complex compared to uplink case as the MAC specification describes operations of soft combining and HARQ ACK/NACK feedbacks as shown below. Furthermore, regarding soft combining, RAN1 introduced the Code Block Group Flushig Indication (CBGFI) field to handle special handling for the URLLC service, which makes the operation more complex.
	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>
combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data.

1>
if the data which the MAC entity attempted to decode was successfully decoded for this TB; or

1>
if the data for this TB was successfully decoded before:

2>
if the HARQ process is equal to the broadcast process:

3>
deliver the decoded MAC PDU to upper layers.

2>
else if this is the first successful decoding of the data for this TB:

3>
deliver the decoded MAC PDU to the disassembly and demultiplexing entity.

2>
generate a positive acknowledgement (ACK) of the data in this TB.

1>
else:

2>
replace the data in the soft buffer for this TB with the data which the MAC entity attempted to decode;

2>
generate a negative acknowledgement (NACK) of the data in this TB.

1>
if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see subclause 5.1.5); or

1>
if the HARQ process is equal to the broadcast process; or

1>
if the timeAlignmentTimer, associated with the TAG containing the serving cell on which the HARQ feedback is to be transmitted, is stopped or expired:

2>
do not indicate the generated positive or negative acknowledgement to the physical layer.

1>
else:

2>
indicate the generated positive or negative acknowledgement for this TB to the physical layer.




As we proposed above, we think the detailed operations will be specified in the RAN1 specification, and if so, the MAC specification says, for instance, the MAC instructs PHY to perform the corresponding action, instead of performs by itself.
Proposal 3: For DL HARQ operations, the MAC specification describes that MAC instructs PHY to perform soft combining and HARQ feedback operations.
Proposal 4: Adopt the TP in the Annex.
3. Conclusion

Proposal 1: The CBG-specific parameters (i.e. CBGTI and CBGFI) in DCI for NR are not specified in the MAC specification.

Proposal 2: No changes are required for UL HARQ operations in the MAC specification.
Proposal 3: For DL HARQ operations, the MAC specification describes that MAC instructs PHY to perform soft combining and HARQ feedback operations.

Proposal 4: Adopt the TP in the Annex.
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5.3
DL-SCH data transfer
5.3.1
DL Assignment reception
Downlink assignments transmitted on the PDCCH both indicate that there is a transmission on a DL-SCH for a particular MAC entity and provide the relevant HARQ information.
When the MAC entity has a C-RNTI or Temporary C-RNTI, the MAC entity shall for each 'NR-UNIT' during which it monitors PDCCH and for each Serving Cell:

Editor's note: Here 'NR-UNIT' would be e.g. 'PDCCH occasion/slot'. Needs to be confirmed by RAN2.

1>
if a downlink assignment for this 'NR-UNIT' and this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI, or Temporary C‑RNTI:

2>
if this is the first downlink assignment for this Temporary C-RNTI:

3>
consider the NDI to have been toggled.

2>
indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this 'NR-UNIT'.

Editor's note: Handling of NDI should be discussed and confirmed by RAN1 and RAN2.

Editor's note: SPS details (Handling of DCI (including NDI) for SPS/configured grant, deriving HARQ process ID, etc.) is not captured yet, and to be captured after having RAN2 agreements. Editor understands that RAN1 did not discuss the details on e.g. NDI for SPS. Also the following RAN2 agreements need to be captured later here:
-
For SPS, as in LTE, UE acknowledges release of DL resources using L1 signalling (related to NDI handling)
-
If there is overlap in time between a configured downlink assignment and a dynamically scheduled downlink assignment, the dynamically scheduled downlink assignment overrides the configured downlink assignment.(depending on the time unit discussion, and if-condition would capture the agreement)

When the MAC entity needs to read BCCH, the MAC entity may, based on the scheduling information from RRC:

1>
if a downlink assignment for this 'NR-UNIT' has been received on the PDCCH for the SI-RNTI;

2>
indicate a downlink assignment and redundancy version for the dedicated broadcast HARQ process to the HARQ entity for this 'NR-UNIT'.
Editor's note: RAN1 did not discuss whether to include RV for the SI-RNTI, and the text may need to be updated after having input from RAN1.

5.3.2
HARQ operation
5.3.2.1
HARQ Entity
The MAC entity includes a HARQ entity for each Serving Cell, which maintains a number of parallel HARQ processes. Each HARQ process is associated with a HARQ process identifier. The HARQ entity directs HARQ information and associated TBs received on the DL-SCH to the corresponding HARQ processes (see subclause 5.3.2.2).
The number of parallel DL HARQ processes per HARQ entity is specified in TS 38.214 [7]. The dedicated broadcast HARQ process is used for BCCH.

The HARQ process supports one TB when the physical layer is not configured for downlink spatial multiplexing. The HARQ process supports one or more TB when the physical layer is configured for downlink spatial multiplexing.
The MAC entity shall:

1>
if a downlink assignment has been indicated for this 'NR-UNIT':

Editor's note: TTI Bundling for NR is not discussed in RAN2.

2>
allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ process indicated by the associated HARQ information.

1>
if a downlink assignment has been indicated for the broadcast HARQ process:

2>
allocate the received TB to the broadcast HARQ process.

5.3.2.2
HARQ process

For each 'NR-UNIT' where a transmission takes place for the HARQ process, one or more (in case of downlink spatial multiplexing) TBs and the associated HARQ information are received from the HARQ entity.

For each received TB and associated HARQ information, the HARQ process shall:

1>
if the NDI, when provided, has been toggled compared to the value of the previous received transmission corresponding to this TB; or

1>
if the HARQ process is equal to the broadcast process, and this is the first received transmission for the TB according to the system information schedule indicated by RRC; or

1>
if this is the very first received transmission for this TB (i.e. there is no previous NDI for this TB):

2>
consider this transmission to be a new transmission.
1>
else:

2>
consider this transmission to be a retransmission.
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.

1>
if the data which the MAC entity attempted to decode was successfully decoded for this TB; or

1>
if the data for this TB was successfully decoded before:

2>
if the HARQ process is equal to the broadcast process:

3>
deliver the decoded MAC PDU to upper layers.

2>
else if this is the first successful decoding of the data for this TB:

3>
deliver the decoded MAC PDU to the disassembly and demultiplexing entity.


1>
else:

2>
instruct the physical layer to replace the data in the soft buffer for this TB with the data which the MAC entity attempted to decode;


1>
if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see subclause 5.1.5); or

1>
if the HARQ process is equal to the broadcast process; or

1>
if the timeAlignmentTimer, associated with the TAG containing the serving cell on which the HARQ feedback is to be transmitted, is stopped or expired:

2>
do not instruct the physical layer to generate acknowledgement(s) of the data in this TB.
1>
else:

2>
instruct the physical layer to generate acknowledgement(s) of the data in this TB.
The MAC entity shall ignore NDI received in all downlink assignments on PDCCH for its Temporary C-RNTI when determining if NDI on PDCCH for its C-RNTI has been toggled compared to the value in the previous transmission.
5.3.3
Disassembly and demultiplexing
The MAC entity shall disassemble and demultiplex a MAC PDU as defined in subclause 6.1.2.
