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7.1
MAC

Editor’s note: Intended to capture tests of MAC Layer behaviour defined in TS 38.321
<<< Start of New Text>>>

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 or a Temporary C-RNTI, the MAC entity shall for each 'NR-UNIT' and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer and for each grant received for this 'NR-UNIT':

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

1>
if an uplink grant 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; or

1>
if an uplink grant for this 'NR-UNIT' has been received in a Random Access Response:

2>
deliver the uplink grant and 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 for SPS/configured grant, deriving HARQ process ID, etc.) is not captured yet, and to be captured after having RAN2 agreements.
[TS 36.322, clause 5.4.2.1]
The MAC entity includes a HARQ entity for each Serving Cell with configured uplink, 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].

The HARQ process supports one TB when the physical layer is not configured for uplink spatial multiplexing. The HARQ process supports one or more TB when the physical layer is configured for uplink spatial multiplexing.
Editor's note: When we have HARQ entity behaviours, the following SPS skipping behaviour should be captured: In NR, when the UE is configured with SPS, the UE should always skip SPS grant if there is no data to transmit, i.e., Skipping SPS grant is mandated in NR regardless of SPS periodicity. 
Each HARQ process is associated with a HARQ process identifier.

Editor's note: It is unclear whether HARQ process ID is explicitly signalled for UL (RAN1 inputs required).
Editor's note: HARQ process ID for RAR (was 0 in LTE) is not captured yet, and waits for RAN1/2 decision.
Editor's note: TTI bundling/slot aggregation needs to be captured later after having input from RAN1.
For each 'NR-UNIT', the HARQ entity shall:

1>
identify the HARQ process(es) associated with this 'NR-UNIT', and for each TB of each identified HARQ process:

2>
if an uplink grant has been indicated for this process and this 'NR-UNIT':

3>
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

3>
if the uplink grant was received in a Random Access Response:

4>
if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:

5>
obtain the MAC PDU to transmit from the Msg3 buffer.

Editor's note: Non-adaptive retransmission over SPS grant needs to be discussed by RAN2.
4>
else:

5>
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity, if any; 

4>
if a MAC PDU to transmit has been obtained:
5>
deliver the MAC PDU and the uplink grant and the HARQ information of the TB to the identified HARQ process;

5>
instruct the identified HARQ process to trigger a new transmission.

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.

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 36.322, 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 PDCCH or Random Access Response. Retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH.
Editor's note: Non-adaptive retransmission (including bundling) is not considered in the TP as a baseline, but can be added later.
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 in this NR-UNIT:
2>
instruct the physical layer to generate a transmission according to the stored uplink grant.
[TS 36.322, 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.

[image: image1.emf]LCID R Oct 1 F

L Oct 2


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.
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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

System Simulator:

	Option
	EUTRA Cell
	NR Cell

	3, 3A, 3X
	Cell 1
	nrCell 1

	2, 4, 7 
	NA
	nrCell 1


UE:

None.

Preamble:

-
The UE is in state Loopback Activated (state 4) according to [xx] with all the parameters as specified in the procedure and to return one UL RLC SDU per DL RLC SDU.

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 7.1.4.1.3.2-2
	-
	-
	-
	-

	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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LCID
R

Oct 1
F
L
Oct 2
L
Oct 3



LCID
R

Oct 1
R



MAC subPDU including MAC CE 1
MAC subPDU including MAC CE 2
MAC subPDU including MAC SDU
...
MAC subPDU including MAC SDU
MAC subPDU including padding (opt)
R/LCID subheader
Fixed-sized MAC CE
R/F/LCID/L subheader
Variable-sized MAC CE
R/F/LCID/L subheader
MAC SDU



LCID
R

Oct 1
F
L
Oct 2



MAC subPDU including MAC CE 1
MAC subPDU including MAC CE 2
MAC subPDU including MAC SDU
...
MAC subPDU including MAC SDU
MAC subPDU including padding (opt)
R/LCID subheader
Fixed-sized MAC CE
R/F/LCID/L subheader
Variable-sized MAC CE
R/F/LCID/L subheader
MAC SDU



