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7
NR – Layer 2
7.1
MAC

Editor’s note: Intended to capture tests of MAC Layer behaviour defined in TS 38.321
7.1.0
Default Pre-Test Conditions for all MAC test cases

The following pre-test conditions shall be applied in all MAC test cases until the test case explicitly over writes these conditions

System Simulator:

-
The SS configures the test environment in accordance to the execution conditions in Table 7.1.0-1.

UE:

-
None

Preamble: 

-
The SS performs the generic procedure in [xx] to get UE in state RRC_CONNECTED in accordance to the execution conditions in Table 7.1.0-2 and using the message condition UE TEST LOOP MODE A to return one PDCP SDU per DL PDCP SDU.

Table 7.1.0-1: Test environment

	Execution Condition
	Cell configuration
	System Information Combination
([xx] clause FFS)

	IF [pc_nrFDD] or [pc_nrTDD]
	NR Cell 1
	FFS

	ELSE IF [pc_EN_DC]
	E-UTRA Cell 1 is PCell,
NR Cell 1 is PSCell
	FFS

	ELSE IF [pc_NGEN_DC]
	NG-RAN E-UTRA Cell 1 is PCell,
NR Cell 1 is PSCell
	FFS


Table 7.1.0-2: Preamble parameters

	Execution Condition
	Generic Procedure Parameters

	IF [pc_nrFDD] or [pc_nrTDD]
	Connectivity(NR),
Test loop(On)

	ELSE IF [pc_EN_DC]
	Connectivity(EN-DC), 
DC bearer(MN Terminated MCG bearer and SN terminated SCG bearer),

Test loop(On)

	ELSE IF [pc_NGEN_DC]
	Connectivity(NGEN-DC), 
DC bearer(MN Terminated MCG bearer and SN terminated SCG bearer),

Test loop(On)


7.1.1
Random Access Procedures

7.1.2
Downlink Data Transfer

7.1.2.1
Correct Handling of DL MAC PDU/Assignment/HARQ process

7.1.2.1.1
Test Purpose (TP)

(1)

with { UE in RRC_CONNECTED state }

ensure that {

  when { UE receives downlink assignment on the PDCCH for the UE’s C-RNTI and receives data in the associated NR-UNIT and UE performs HARQ operation }

    then { UE sends a HARQ feedback on the HARQ process }

            }

(2)

with { UE in RRC_CONNECTED state }

ensure that {

  when { SS transmits downlink assignment on the PDCCH with a C-RNTI unknown by the UE and data is available in the associated NR-UNIT }

    then { UE does not send any HARQ feedback on the HARQ process }

            }

(3)

with { UE in  RRC_CONNECTED state }

ensure that {

  when { the UE receives a MAC PDU addressed to its C-RNTI and decode fails in the associated NR-UNIT }

    then { the UE transmits a NACK for the corresponding HARQ process }

            }

(4)

with { UE in RRC_CONNECTED state }

ensure that {

  when { the UE receives a MAC PDU retransmission addressed to its C-RNTI, and results in successful decode in the associated NR-UNIT}

    then { the UE transmits an ACK for the corresponding HARQ process and forward to higher layer }

            }

(5)

with { UE in  RRC_CONNECTED state }

ensure that {

  when { UE receives a MAC PDU containing multiple MAC sub PDU’s each containing a MAC SDU that is larger than 256 bytes (16 bits L field used) with padding MAC sub PDU at the end }

    then { UE successfully decodes the MAC PDU and forward to higher layer }

            }

(6)

with { UE in RRC_CONNECTED state }

ensure that {

  when { UE receives a MAC PDU containing multiple MAC sub PDU’s each containing a MAC SDU that is smaller than 256 bytes (8 bits L field used) with padding MAC sub PDU at the end }

    then { UE successfully decodes the MAC PDU and forward to higher layer }

            }

(7)

with { UE in RRC_CONNECTED state }

ensure that {

  when { UE receives a MAC PDU containing MAC sub PDU containing a MAC SDU and no padding MAC sub PDU}

    then { UE successfully decodes the MAC PDU and forward to higher layer }

            }

(8)

with { UE in RRC_CONNECTED state }

ensure that {

  when { UE receives a MAC PDU containing MAC sub PDU containing a MAC SDU that is smaller than 256 bytes (8 bits L field used) plus MAC sub PDU containing a MAC SDU that is greater than 256 bytes (16 bits L field used)and no padding }

    then { UE successfully decodes the MAC PDU and forwards the AMD PDUs to higher layer }

            } 

7.1.2.1.2
Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.321, clause 5.3.1, 5.3.2.1, 5.3.2.2 and  6.1.2.

[TS 38.322, clause 5.3.1]
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, Temporary C-RNTI, or CS-RNTI, the MAC entity shall for each PDCCH occasion during which it monitors PDCCH and for each Serving Cell:


1>
if a downlink assignment for this PDCCH occasion 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>
if the downlink assignment is for the MAC entity’s C-RNTI, and if the previous downlink assignment indicated to the HARQ entity of the same HARQ process was either a downlink assignment received for the MAC entity’s CS-RNTI or a configured downlink assignment:
3>
consider the NDI to have been toggled regardless of the value of the NDI.
2>
indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity.


1>
else if a downlink assignment for this PDCCH occasion has been received for this serving cell on the PDCCH for the MAC entity’s CS-RNTI:
2>
if the NDI in the received HARQ information is 1:
3>
consider the NDI for the corresponding HARQ process not to have been toggled;

3>
indicate the presence of a downlink assignment for this serving cell and deliver the associated HARQ information to the HARQ entity.
2>
if the NDI in the received HARQ information is 0:
3>
if PDCCH contents indicate SPS deactivation:
4>
clear the configured downlink assignment for this serving cell (if any);
4>
if the timeAlignmentTimer associated with the PTAG is running:
5>
indicate a positive acknowledgement for the SPS deactivation to the physical layer.
3>
else if PDCCH content indicates SPS activation:
4>
store the downlink assignment for this serving cell and the associated HARQ information as configured downlink assignment;
4>
initialise (if not active) or re-initialise (if already active) the configured downlink assignment for this serving cell to start in the associated PDSCH duration and to recur according to rules in subclause 5.8.1;
4>
set the HARQ Process ID to the HARQ Process ID associated with this PDSCH duration;

4>
consider the NDI bit for the corresponding HARQ process to have been toggled;

4>
indicate the presence of a configured downlink assignment for this serving cell and deliver the stored HARQ information to the HARQ entity.

For each Serving Cell and each configured downlink assignment, if configured and activated, the MAC entity shall:

1>
instruct the physical layer to receive, in this PDSCH duration, transport block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;

1>
set the HARQ Process ID to the HARQ Process ID associated with this PDSCH duration;

1>
consider the NDI bit to have been toggled;

1>
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity.
For configured downlink assignments, the HARQ Process ID associated with this slot is derived from the following equation:
HARQ Process ID = [floor(CURRENT_slot * 10 / (numberOfSlotsPerFrame * semiPersistSchedIntervalDL))] modulo numberOfConfSPS-Processes
where CURRENT_slot=[(SFN * numberOfSlotsPerFrame) + slot number in the frame] and numberOfSlotsPerFrame refers to the number of consecutive slots per frame as specified in TS 38.211 [8].
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 PDCCH occasion 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.

[TS 38.322, clause 5.3.2.1]

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:


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.
[TS 38.322, clause 5.3.2.2]

When 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.
 [TS 38.322, clause 6.1.2]

A MAC PDU consists of one or more MAC subPDUs. Each MAC subPDU consists of one of the following:

-
A MAC subheader only (including padding);

- 
A MAC subheader and a MAC SDU;

-
A MAC subheader and a MAC CE;

-
A MAC subheader and padding.

The MAC SDUs are of variable sizes.
Each MAC subheader corresponds to either a MAC SDU, a MAC CE, or padding.
A MAC subheader except for fixed sized MAC CE and padding consists of the four header fields R/F/LCID/L. A MAC subheader for fixed sized MAC CE and padding consists of the two header fields R/LCID.
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Figure 6.1.2-1: R/F/LCID/L MAC subheader with 8-bit L field
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Figure 6.1.2-2: R/F/LCID/L MAC subheader with 16-bit L field
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Figure 6.1.2-3: R/LCID MAC subheader

MAC CEs are placed together. DL MAC subPDU(s) with MAC CE(s) is placed before any MAC subPDU with MAC SDU and MAC subPDU with padding as depicted in Figure 6.1.2-4. UL MAC subPDU(s) with MAC CE(s) is placed after all the MAC subPDU(s) with MAC SDU and before the MAC subPDU with padding in the MAC PDU as depicted in Figure 6.1.2-5. The size of padding can be zero.
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Figure 6.1.2-4: Example of a DL MAC PDU
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Figure 6.1.2-5: Example of a UL MAC PDU
A maximum of one MAC PDU can be transmitted per TB per MAC entity.
7.1.2.1.3
Test description

7.1.2.1.3.1
Pre-test conditions

Same Pre-test conditions as in clause 7.1.0 except that set to return no data in uplink.

7.1.2.1.3.2
Test procedure sequence

Table 7.1.2.1.3.2-1: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	SS transmits a downlink assignment addressed to the C-RNTI assigned to the UE
	<--
	(PDCCH (C-RNTI))
	-
	-

	2
	SS transmits in the indicated downlink assignment a MAC PDU including a RLC PDU with poll bit not set.
	<--
	MAC PDU
	-
	-

	3
	Check: Does the UE transmit an HARQ ACK on PUCCH?
	-->
	HARQ ACK
	1
	P

	4
	SS transmits a downlink assignment to including a C-RNTI different from the assigned to the UE
	<--
	(PDCCH (unknown C-RNTI))
	-
	-

	5
	SS transmits in the indicated downlink assignment a RLC PDU in a MAC PDU PDU including a RLC PDU with poll bit not set.
	<--
	MAC PDU
	-
	-

	6
	Check: Does the UE send any HARQ ACK/NACK on PUCCH?
	-->
	HARQ ACK/NACK
	2
	F

	-
	EXCEPTION: Steps 7 to 10 are run repeated using test parameter values as given for each iteration in table 7.1.2.1.3.2.-2.
	-
	-
	-
	-

	7
	The SS indicates a new transmission on PDCCH and transmits a MAC PDU PDU including a RLC PDU with poll bit not set, with content set so that UE could not successfully decode the data from its soft buffer. (Note 1)
	<--
	MAC PDU
	-
	-

	8
	Check: Does the UE transmit a HARQ NACK?
	-->
	HARQ NACK
	3
	P

	
	EXCEPTION: Step 9 shall be repeated till HARQ ACK is received at step 10 or until HARQ retransmission count = [4] is reached for MAC PDU at step 9 (Note 2).
	
	
	-
	-

	9
	The SS indicates a retransmission on PDCCH and transmits the same MAC PDU like step 7 (Note 1).
	<--
	MAC PDU
	-
	-

	-
	EXCEPTION: Up to [3] HARQ NACK from the UE should be allowed at step 10 (Note 2).
	-
	-
	-
	-

	10
	Check: Does the UE send a HARQ ACK?
	-->
	HARQ ACK
	4
	P

	11
	The SS transmits a MAC PDU containing three MAC sub PDU’s each containing a MAC SDU(RLC PDU) that is of 260 bytes (16 bits L field used) and a padding MAC sub PDU at the end. The third RLC PDU contained will have poll bit set.
	<--
	MAC PDU
	-
	-

	12
	Check: Does the UE transmit a MAC PDU containing an RLC STATUS PDU acknowledging the reception of all the AMD PDU’s in step 11?

	-->
	MAC PDU (RLC STATUS PDU )
	5
	P

	13
	The SS transmits a MAC PDU containing three MAC sub PDU’s each containing a MAC SDU(RLC PDU) that is of 128 bytes (8 bits L field used) and a padding MAC sub PDU at the end. The third RLC PDU contained will have poll bit set.
	<--
	MAC PDU
	-
	-

	14
	Check: Does the UE transmit a MAC PDU containing an RLC STATUS PDU acknowledging the reception of all the AMD PDU’s in step 13?

	-->
	MAC PDU (RLC STATUS PDU )
	6
	P

	15
	The SS transmits a MAC PDU containing one MAC sub PDU  containing a MAC SDU(RLC PDU) that is of [128] bytes (8 bits L field used) and no padding MAC sub PDU at the end. The RLC PDU contained will have poll bit set.
	<--
	MAC PDU
	-
	-

	16
	Check: Does the UE transmit a MAC PDU containing an RLC STATUS PDU acknowledging the reception of the AMD PDU in step 15?

	-->
	MAC PDU (RLC STATUS PDU )
	7
	P

	17
	The SS transmits a MAC PDU containing one MAC sub PDU  containing a MAC SDU(RLC PDU) that is of [128] bytes (8 bits L field used), one MAC sub PDU  containing a MAC SDU(RLC PDU) that is of [260] bytes (16 bits L field used)  and no padding MAC sub PDU at the end. The second RLC PDU contained will have poll bit set.
	<--
	MAC PDU
	-
	-

	18
	Check: Does the UE transmit a MAC PDU containing an RLC STATUS PDU acknowledging the reception of all the AMD PDU’s in step 17?

	-->
	MAC PDU (RLC STATUS PDU )
	8
	P

	Note 1:
SS should transmit this PDU so as to ensure atleast one NACK.

Note 2:
The value [4] for the maximum number of HARQ retransmissions has been chosen based on an assumption that, given the radio conditions used in this test case, a UE soft combiner implementation should have sufficient retransmissions to be able to successfully decode the data in its soft buffer.


Table 7.1.2.1.3.2-2: Test Parameters

	Iteration
	DL HARQ process (X)

	FFS
	FFS


7.1.2.1.3.3
Specific message contents

[None].

7.1.3
Uplink Data Transfer

7.1.3.1
Correct Handling of UL MAC PDU/Assignment/HARQ process

7.1.3.1.1
Test Purpose (TP)

(1)

with { UE in  RRC_CONNECTED state }

ensure that {

  when { UE receives for a NR-UNIT an uplink grant with valid C-RNTI }

    then { UE transmits data and associated HARQ information to the HARQ entity for this NR-UNIT }

}

(2)

with { UE in  RRC_CONNECTED state }

ensure that {

  when { SS transmits for a NR-UNIT an uplink grant with not allocated C-RNTI }

    then { UE does not transmits data and associated HARQ information to the HARQ entity for this NR-UNIT }

}

(3)

with { UE in RRC_CONNECTED state }

ensure that {

  when { UE receives an UL Grant with toggled NDI and has data available for transmission }

    then { UE transmits a new MAC PDU }

            }

 (4)

with { UE in RRC_CONNECTED state and having transmitted a MAC PDU on a HARQ process  }

ensure that {

  when { UE receives an uplink grant on PDCCH for the next NR-UNIT corresponding to the HARQ process with old NDI not toggled}

    then { UE performs an adaptive retransmission of the MAC PDU with redundancy version as received on PDCCH }

            }

 (5)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { UE receives an uplink grant on PDCCH for the next NR-UNIT corresponding to the HARQ process with toggled NDI, and data is not available for transmission }

    then { UE transmits any MAC Padding PDU }

            }

 (6)

with { UE in RRC_CONNECTED state }

ensure that {

  when { UE has a MAC SDU to be transmitted that is smaller or equal to 256 bytes }

    then { UE sets F field to 0 and includes 8 bit L field in the MAC sub PDU}

            }

(7)

with { UE in RRC_CONNECTED state }

ensure that {

  when { UE has a MAC SDU to be transmitted that is larger than 256 bytes }

    then { UE sets F field to 1 and includes 16 bit L field in the MAC sub PDU }

            }

(8)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { UE has to insert padding in a MAC PDU }

    then { UE inserts the last MAC sub PDU as a padding sub PDU }

      }

7.1.3.1.2
Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.321, clause 5.4.1, 5.4.2.1, 5.4.2.2 and  6.1.2.

[TS 38.322, clause 5.4.1]

Uplink grant is either received dynamically on the PDCCH, in a Random Access Response, or configured semi-persistently by RRC. The MAC entity shall have an uplink grant to transmit on the UL-SCH. To perform the requested transmissions, the MAC layer receives HARQ information from lower layers.
If the MAC entity has a C-RNTI, a Temporary C-RNTI, or CS-RNTI, the MAC entity shall for each PDCCH occasion and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer and for each grant received for this PDCCH occasion:


1>
if an uplink grant for this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI or Temporary C-RNTI; or

1>
if an uplink grant has been received in a Random Access Response:

2>
if the uplink grant is for MAC entity’s C-RNTI and if the previous uplink grant delivered to the HARQ entity for the same HARQ process was either an uplink grant received for the MAC entity’s CS-RNTI or a configured uplink grant:
3>
consider the NDI to have been toggled for the corresponding HARQ process regardless of the value of the NDI.
2>
deliver the uplink grant and the associated HARQ information to the HARQ entity.

1>
else if an uplink grant for this PDCCH occasion has been received for this serving cell on the PDCCH for the MAC entity’s CS-RNTI:

2>
if the NDI in the received HARQ information is 1:
3>
consider the NDI for the corresponding HARQ process not to have been toggled;

3>
stop the ConfiguredGrantTimer for the corresponding HARQ process, if running;

3>
deliver the uplink grant and the associated HARQ information to the HARQ entity.
2>
else if the NDI in the received HARQ information is 0:
3>
if PDCCH contents indicate configured grant Type 2 deactivation:
4>
trigger configured grant confirmation.

3>
else if PDCCH contents indicate configured grant Type 2 activation:
4>
trigger configured grant confirmation;

4>
store the uplink grant for this serving cell and the associated HARQ information as configured uplink grant;

4>
initialise or re-initialise the configured uplink grant for this serving cell to start in the associated PUSCH duration and to recur according to rules in subclause 5.8.2;

4>
set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;

4>
consider the NDI bit for the corresponding HARQ process to have been toggled;

4>
stop the ConfiguredGrantTimer for the corresponding HARQ process, if running;

4>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
1>
set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;

1>
if the ConfiguredGrantTimer for the corresponding HARQ process is not running:

2>
consider the NDI bit for the corresponding HARQ process to have been toggled;

2>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.
NOTE 1:
For the same serving cell, an uplink grant addressed to C-RNTI shall override a configured uplink grant in case of overlap in time domain.
For configured uplink grants, the HARQ Process ID associated with this symbol is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo numberOfConfGrant-Processes
where CURRENT_symbol=(SFN * numberOfSlotsPerFrame * numberOfSymbolsPerSlot + slot number in the frame * numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].
NOTE 2:
CURRENT_symbol refers to the symbol index of the first transmission of a repetition bundle that takes place.
[TS 36.322, clause 5.4.2.1]

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 repetition is configured with repK >1, the parameter repK provides the number of repetitions of a TB within a bundle. Repetition 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 non-adaptive and triggered without waiting for feedback from previous transmissions according to repK.
For each uplink grant, the HARQ entity shall:

1>
identify the HARQ process(es) 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; or
2>
if the uplink grant was received in a Random Access Response:

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 the uplink grant is a configured uplink grant:
5>
start or restart the ConfiguredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed.
2>
else:

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

 [TS 38.322, clause 5.4.2.2]

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.

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.
 [TS 38.322, clause 6.1.2]

A MAC PDU consists of one or more MAC subPDUs. Each MAC subPDU consists of one of the following:

-
A MAC subheader only (including padding);

- 
A MAC subheader and a MAC SDU;

-
A MAC subheader and a MAC CE;

-
A MAC subheader and padding.

The MAC SDUs are of variable sizes.
Each MAC subheader corresponds to either a MAC SDU, a MAC CE, or padding.
A MAC subheader except for fixed sized MAC CE and padding consists of the four header fields R/F/LCID/L. A MAC subheader for fixed sized MAC CE and padding consists of the two header fields R/LCID.
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Figure 6.1.2-1: R/F/LCID/L MAC subheader with 8-bit L field
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Figure 6.1.2-2: R/F/LCID/L MAC subheader with 16-bit L field
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Figure 6.1.2-3: R/LCID MAC subheader

MAC CEs are placed together. DL MAC subPDU(s) with MAC CE(s) is placed before any MAC subPDU with MAC SDU and MAC subPDU with padding as depicted in Figure 6.1.2-4. UL MAC subPDU(s) with MAC CE(s) is placed after all the MAC subPDU(s) with MAC SDU and before the MAC subPDU with padding in the MAC PDU as depicted in Figure 6.1.2-5. The size of padding can be zero.
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Figure 6.1.2-4: Example of a DL MAC PDU
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Figure 6.1.2-5: Example of a UL MAC PDU
A maximum of one MAC PDU can be transmitted per TB per MAC entity.
7.1.3.1.3
Test description

7.1.3.1.3.1
Pre-test conditions

Same Pre-test conditions as in clause 7.1.0.

7.1.3.1.3.2
Test procedure sequence

Table 7.1.3.1.3.2-1: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	The SS ignores scheduling requests and does not allocate any uplink grant. 
	-
	-
	-
	-

	2
	SS transmits a MAC PDU including a RLC SDU
	<--
	MAC PDU
	-
	-

	-
	EXCEPTION: Step 3 runs in parallel with behaviour in table 7.1.3.1.3.2-2
	-
	-
	-
	-

	3
	For 400 NR-UNITS SS transmits  an UL Grant every 10 NR-UNITS, allowing the UE to return the RLC SDU as received in step 2, on PDCCH, but with the C-RNTI different from the C-RNTI assigned to the UE. 
	<--
	(UL Grant (unknown C-RNTI))
	-
	-

	4
	Check: Does the UE transmit a MAC PDU corresponding to grant in step 3?
	-->
	MAC PDU
	2
	F

	5
	SS transmits an UL Grant, allowing the UE to return the RLC SDU as received in step 2, on PDCCH with the C-RNTI assigned to the UE.
	<--
	(UL Grant (C-RNTI))
	-
	-

	6
	Check: Does the UE transmit a MAC PDU corresponding to grant in step 6?
	-->
	MAC PDU
	1
	P

	7
	The SS Transmits a valid MAC PDU containing RLC PDU
	<--
	MAC PDU
	-
	-

	8
	The SS allocates an UL Grant for one HARQ process X, sufficient for one RLC SDU to be loop backed in a NR-UNIT, and NDI indicates new transmission
	<--
	Uplink Grant
	-
	-

	9
	Check: Does the UE transmit a MAC PDU including one RLC SDU, in HARQ process X?
	-->
	MAC PDU
	3
	P

	10
	The SS transmits an UL grant corresponding to NR-UNIT for HARQ process X, with NDI not toggled and redundancy version to be used as ‘FFS’
	<--
	Uplink Grant
	-
	-

	11
	Check: Does the UE retransmit the MAC PDU in for HARQ process X, using redundancy version FFS?
	-->
	MAC PDU
	4
	P

	12
	The SS transmits an UL grant corresponding to NR-UNIT for HARQ process X, with NDI toggled and redundancy version to be used as ‘FFS’
	<--
	Uplink Grant
	-
	-

	13
	Check: Does the UE retransmit the MAC PDU containing padding  for HARQ process X, using redundancy version FFS?
	-->
	MAC PDU
	5
	P

	14
	SS transmits a MAC PDU including a RLC PDU of size 128 bytes
	<--
	MAC PDU
	-
	-

	15
	The SS transmits an UL Grant, allowing the UE to return the RLC SDU as received in step 14 and padding.
	<--
	(UL Grant (C-RNTI))
	-
	-

	16
	Check: Does the UE transmit a MAC PDU corresponding to grant in step 14 with F field set to 0 and includes 8 bit L field in the MAC sub PDU and includes a padding sub PDU at end?
	-->
	MAC PDU
	6,8
	P

	17
	SS transmits a MAC PDU including a RLC PDU of size 512 bytes
	<--
	MAC PDU
	-
	-

	18
	The SS transmits an UL Grant, allowing the UE to return the RLC SDU as received in step 17 and padding.
	<--
	(UL Grant (C-RNTI))
	-
	-

	19
	Check: Does the UE transmit a MAC PDU corresponding to grant in step 17 with F field set to 1 and includes 8 bit L field in the MAC sub PDU and includes a padding sub PDU at end?
	-->
	MAC PDU
	7,8
	P


Table 7.1.3.1.3.2-2: Parallel behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	UE transmits a Scheduling Request.
	-->
	(SR)
	-
	-


7.1.3.1.3.3
Specific message contents

FFS

Editors note: Specific message contents to prevent SR transmission resulting in trigger of RACH procedure.
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