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	Reason for change:
	For a configured grant, due to the fact that the periodicity can be configured to be a very small value, it is very likely that the UE skips one configured grant due to no actual data to transmit. However, it could cause an error case, i.e., the HARQ entity receives a DCI addressed with CS-RNTI for retransmission with a previous transmitted MAC PDU if the HARQ buffer is not empty, while the fact is that the UE didn't transmit a MAC PDU in the previous transmission opportunity. Therefore, the HARQ process should flush the corresponding HARQ buffer when the packet is assumed to be “ACK”, i.e. the configuredGrantTimer exipires.
For a dynamic grant, after the UE skips a grant addressed with C-RNTI but receives a retransmission grant addressed with C-RNTI, the UE shall ignore the grant to resolve the same error case as configured grant. Otherwise, according to the current HARQ procedure, the UE shall trigger a new transmission even the NDI indicates a retransmission request in case the HARQ buffer is empty.


	
	

	Summary of change:
	1. For a configured grant, the HARQ process shall flush the correspoding HARQ buffer when the configuredGrantTimer expires.
2. For a dynamic grant, the HARQ process shall flush the corresponding HARQ buffer when skipping a dynamic grant addressed with C-RNTI.

3. When the UE receives a dynamic grant addressed with C-RNTI while the buffer is empty and previous transmission of the same HARQ process was skipped, the UE shall ignore the grant. 

Impact analysis

Impacted functionality:

DL HARQ procedure.
Inter-operability:

1.    If the network is implemented according to the CR and the UE is not, there is no inter-operability problems.

2.    If the UE is implemented according to the CR and the network is not, there are no inter-operability problems.



	
	

	Consequences if not approved:
	The error case will happen in NR where the UE has to perform the HARQ retransmission with a previously transmitted MAC PDU but the UE didn't transmit a MAC PDU in the previous transmission opportunity. In case the UE receives a retransmission grant where the intention of NW is to trigger a retransmission, the UE shall trigger a new transmission possibly with pre-stored TBS causing misalignment between UE and gNB.
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5.4.2.1
HARQ Entity

The MAC entity includes a HARQ entity for each Serving Cell with configured uplink (including the case when it is configured with supplementaryUplink), which maintains a number of parallel HARQ processes.

The number of parallel UL HARQ processes per HARQ entity is specified in TS 38.214 [7].

Each HARQ process supports one TB.

Each HARQ process is associated with a HARQ process identifier. For UL transmission with UL grant in RA Response, HARQ process identifier 0 is used.

When the MAC entity is configured with pusch-AggregationFactor > 1, the parameter pusch-AggregationFactor provides the number of transmissions of a TB within a bundle of the dynamic grant. After the initial transmission, pusch-AggregationFactor – 1 HARQ retransmissions follow within a bundle. When the MAC entity is configured with repK > 1, the parameter repK provides the number of transmissions of a TB within a bundle of the configured uplink grant. After the initial transmission, HARQ retransmissions follow within a bundle. For both dynamic grant and configured uplink grant, bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle, HARQ retransmissions are triggered without waiting for feedback from previous transmission according to pusch-AggregationFactor for a dynamic grant and repK for a configured uplink grant, respectively. Each transmission within a bundle is a separate uplink grant after the initial uplink grant within a bundle is delivered to the HARQ entity.

For each transmission within a bundle of the dynamic grant, the sequence of redundancy versions is determined according to subclause 6.1.4 of TS 38.214 [7]. For each transmission within a bundle of the configured uplink grant, the sequence of redundancy versions is determined according to subclause 6.1.2.3 of TS 38.214 [7].

For each uplink grant, the HARQ entity shall:

1>
identify the HARQ process associated with this grant, and for each identified HARQ process:

2>
if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
2>
if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty and the previous transmision of same process is not skipped or ignored; or

2>
if the uplink grant was received in a Random Access Response; or

2>
if the uplink grant is part of a bundle of the configured uplink grant, and may be used for initial transmission according to subclause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU has been obtained for this bundle:

3>
if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:

4>
obtain the MAC PDU to transmit from the Msg3 buffer.

3>
else:

4>
obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;

3>
if a MAC PDU to transmit has been obtained:
4>
deliver the MAC PDU and the uplink grant and the HARQ information of the TB to the identified HARQ process;

4>
instruct the identified HARQ process to trigger a new transmission;
4>
if the uplink grant is addressed to CS-RNTI; or

4>
if the uplink grant is a configured uplink grant; or

4>
if the uplink grant is addressed to C-RNTI, and the identified HARQ process is configured for a configured uplink grant:

5>
start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed.
3>
else:
4>
if the uplink grant is not a configured grant;

5>
flush the HARQ buffer of the identified HARQ process.
2>
else (i.e. retransmission):

3>
if the uplink grant received on PDCCH was addressed to CS-RNTI or C-RNTI and if the HARQ buffer of the identified process is empty; or

3>
if the uplink grant is part of a bundle of the configured uplink grant and if no MAC PDU has been obtained for this bundle; or

3>
if the uplink grant is part of a bundle of the configured uplink grant, and the PUSCH of the uplink grant overlaps with a PUSCH of another uplink grant received on the PDCCH for this Serving Cell:

4>
ignore the uplink grant.

3>
else:

4>
deliver the uplink grant and the HARQ information (redundancy version) of the TB to the identified HARQ process;

4>
instruct the identified HARQ process to trigger a retransmission;
4>
if the uplink grant is addressed to CS-RNTI; or

4>
if the uplink grant is addressed to C-RNTI, and the identified HARQ process is configured for a configured uplink grant:

5>
start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed.

When determining if NDI has been toggled compared to the value in the previous transmission the MAC entity shall ignore NDI received in all uplink grants on PDCCH for its Temporary C-RNTI.
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5.4.2.2
HARQ process

Each HARQ process is associated with a HARQ buffer.

New transmissions are performed on the resource and with the MCS indicated on either PDCCH, Random Access Response, or RRC. Retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH, or on the same resource and with the same MCS as was used for last made transmission attempt within a bundle.
If the HARQ entity requests a new transmission for a TB, the HARQ process shall:

1>
store the MAC PDU in the associated HARQ buffer;

1>
store the uplink grant received from the HARQ entity;
1>
generate a transmission as described below.

If the HARQ entity requests a retransmission for a TB, the HARQ process shall:

1>
store the uplink grant received from the HARQ entity;

1>
generate a transmission as described below.

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:

2>
instruct the physical layer to generate a transmission according to the stored uplink grant.
After performing above actions, the HARQ process then shall:

1> if the configuredGrantTimer expires, for the corresponding HARQ process:

2> flush the HARQ buffer.
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