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7.1.4.22
Correct HARQ process handling / UL MIMO

7.1.4.22.1
Test Purpose (TP)

(1)

with { UE in E-UTRA RRC_CONNECTED state with DRB established and UL MIMO configured }

ensure that {

  when { UE receives one uplink grant (DCI format 4) with toggled NDI and two transport blocks enabled, and has data available for transmission }

    then { UE transmits two new MAC PDUs both using redundancy version 0 for two HARQ processes in a TTI }

}

(2)

with { UE in E-UTRA RRC_CONNECTED state with DRB established and having transmitted two MAC PDUs less than maxHARQ-Tx times }

ensure that {

  when { UE receives NACKs for two HARQ processes and no uplink grant is included for the next TTI corresponding to the two HARQ processes }

    then { UE performs non-adaptive retransmission of the two MAC PDUs with redundancy version toggled by one of the last (re)transmission [0,2,3,1 order] }

}

(3)

with { UE in E-UTRA RRC_CONNECTED state with DRB established and having transmitted two MAC PDUs less than maxHARQ-Tx times }

ensure that {

  when { UE receives NACK for one of the HARQ process and ACK for another HARQ process and no uplink grant is included for the next TTI corresponding to the HARQ processes }

    then { UE performs non-adaptive retransmission of the MAC PDU with redundancy version toggled by one of the last (re)transmission [0,2,3,1 order] for the HARQ process that receives NACK and does not retransmit any MAC PDUs for another HARQ process that receives ACK }

}
(4)

with { UE in E-UTRA RRC_CONNECTED state with DRB established and having transmitted two MAC PDUs less than maxHARQ-Tx times }

ensure that {

  when { UE receives an uplink grant on PDCCH for the next TTI corresponding to the two HARQ processes with old NDI [not toggled] for one HARQ process and with toggled NDI for another HARQ process, irrespective of ACK/NACK is received for previous (re)transmission }

    then { UE performs an adaptive retransmission of the MAC PDU with redundancy version as received on PDCCH for HARQ process with old NDI and transmits a new MAC PDU for HARQ process with new NDI }

}

(5)

with { UE in E-UTRA RRC_CONNECTED state with DRB established and having transmitted two MAC PDU less than maxHARQ-Tx times }

ensure that {

  when { UE receives ACKs and no uplink grant is included for the next TTI corresponding to the two HARQ processes }

    then { UE does not retransmit any MAC PDUs for the two HARQ processes }

}

7.1.4.22.2
Conformance requirements

References: The conformance requirements covered in the current TC are specified in: TS 36.321, clause 5.4.2.1 & 5.4.2.2; TS 36.212, clause 5.3.3.1.8.

[TS 36.321, clause 5.4.2.1]

There is one HARQ entity at the UE for each Serving Cell with configured uplink, which maintains a number of parallel HARQ processes allowing transmissions to take place continuously while waiting for the HARQ feedback on the successful or unsuccessful reception of previous transmissions.

The number of parallel HARQ processes per HARQ entity is specified in [2], clause 8.

When the physical layer is configured for uplink spatial multiplexing [2], there are two HARQ processes associated with a given TTI. Otherwise there is one HARQ process associated with a given TTI.

At a given TTI, if an uplink grant is indicated for the TTI, the HARQ entity identifies the HARQ process(es) for which a transmission should take place. It also routes the received HARQ feedback (ACK/NACK information), MCS and resource, relayed by the physical layer, to the appropriate HARQ process(es).

When TTI bundling is configured, the parameter TTI_BUNDLE_SIZE provides the number of TTIs of a TTI bundle. TTI 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 non-adaptive and triggered without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The HARQ feedback of a bundle is only received for the last TTI of the bundle (i.e. the TTI corresponding to TTI_BUNDLE_SIZE), regardless of whether a transmission in that TTI takes place or not (e.g. when a measurement gap occurs). A retransmission of a TTI bundle is also a TTI bundle. TTI bundling is not supported when the UE is configured with one or more SCells with configured uplink.

TTI bundling is not supported for RN communication with the E-UTRAN in combination with an RN subframe configuration.

For transmission of Msg3 during Random Access (see section 5.1.5) TTI bundling does not apply.

For each TTI, the HARQ entity shall:

-
identify the HARQ process(es) associated with this TTI, and for each identified HARQ process:

-
if an uplink grant has been indicated for this process and this TTI:

-
if the received grant was not addressed to a Temporary C-RNTI on PDCCH and if the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this HARQ process; or

-
if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or

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

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

-
obtain the MAC PDU to transmit from the Msg3 buffer.

-
else:

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity;

-
deliver the MAC PDU and the uplink grant and the HARQ information to the identified HARQ process;

-
instruct the identified HARQ process to trigger a new transmission.

-
else:

-
deliver the uplink grant and the HARQ information (redundancy version) to the identified HARQ process;

-
instruct the identified HARQ process to generate an adaptive retransmission.

-
else, if the HARQ buffer of this HARQ process is not empty:

-
instruct the identified HARQ process to generate a non-adaptive retransmission.

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

[TS 36.321, clause 5.4.2.2]

Each HARQ process is associated with a HARQ buffer.

Each HARQ process shall maintain a state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer, and a state variable HARQ_FEEDBACK, which indicates the HARQ feedback for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.

The sequence of redundancy versions is 0, 2, 3, 1. The variable CURRENT_IRV is an index into the sequence of redundancy versions. This variable is up-dated modulo 4.

New transmissions are performed on the resource and with the MCS indicated on PDCCH or Random Access Response. Adaptive retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH. Non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt.

The UE is configured with a Maximum number of HARQ transmissions and a Maximum number of Msg3 HARQ transmissions by RRC: maxHARQ-Tx and maxHARQ-Msg3Tx respectively. For transmissions on all HARQ processes and all logical channels except for transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Tx. For transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Msg3Tx.

When the HARQ feedback is received for this TB, the HARQ process shall:

-
set HARQ_FEEDBACK to the received value.

If the HARQ entity requests a new transmission, the HARQ process shall:

-
set CURRENT_TX_NB to 0; 

-
set CURRENT_IRV to 0;

-
store the MAC PDU in the associated HARQ buffer;

-
store the uplink grant received from the HARQ entity;

-
set HARQ_FEEDBACK to NACK;

-
generate a transmission as described below.

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

-
increment CURRENT_TX_NB by 1;

-
if the HARQ entity requests an adaptive retransmission:

-
store the uplink grant received from the HARQ entity;

-
set CURRENT_IRV to the index corresponding to the redundancy version value provided in the HARQ information;

-
set HARQ_FEEDBACK to NACK;

-
generate a transmission as described below.

-
else if the HARQ entity requests a non-adaptive retransmission:

-
if HARQ_FEEDBACK = NACK:

-
generate a transmission as described below.

NOTE 1:
When receiving a HARQ ACK alone, the UE keeps the data in the HARQ buffer.

NOTE 2:
When no UL-SCH transmission can be made due to the occurrence of a measurement gap, no HARQ feedback can be received and a non-adaptive retransmission follows.

To generate a transmission, the HARQ process shall:

-
if the MAC PDU was obtained from the Msg3 buffer; or

-
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 TTI:

-
instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy version corresponding to the CURRENT_IRV value;

-
increment CURRENT_IRV by 1;

-
if there is a measurement gap at the time of the HARQ feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer:

-
set HARQ_FEEDBACK to ACK at the time of the HARQ feedback reception for this transmission.

After performing above actions, the HARQ process then shall:

-
if CURRENT_TX_NB = maximum number of transmissions – 1:

-
flush the HARQ buffer.
[TS 36.212, clause 5.3.3.1.8]

DCI format 4 is used for the scheduling of PUSCH in one UL cell with multi-antenna port transmission mode,

The following information is transmitted by means of the DCI format 4:

-
Carrier indicator – 0 or 3 bits. The field is present according to the definitions in [3].

-
Resource block assignment - 
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-
where P is the UL RBG size as defined in section 8.1.2 of [3]

-
For resource allocation type 0:

-
The 
[image: image2.wmf]é

ù

÷

ø

ö

ç

è

æ

+

)

2

/

)

1

(

(

log

UL

RB

UL

RB

2

N

N

LSBs provide the resource allocation in the UL subframe as defined in section 8.1.1 of [3]

-
For resource allocation type 1:

-
The 
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 LSBs provide the resource allocation in the UL subframe as defined in section 8.1.2 of [3] 

-
TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3]

-
Cyclic shift for DM RS and OCC index – 3 bits as defined in section 5.5.2.1.1 of [2]

-
UL index – 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (this field is present only for TDD operation with uplink-downlink configuration 0)
-
Downlink Assignment Index (DAI) – 2 bits as defined in section 7.3 of [3] (this field is present only for TDD operation with uplink-downlink configurations 1-6)
-
CSI request – 1 or 2 bits as defined in section 7.2.1 of [3]. The 2-bit field only applies to UEs that are configured with more than one DL cell.

-
SRS request – 2 bits as defined in section 8.2 of [3]

-
Resource allocation type – 1 bit as defined in section 8.1 of [3]

In addition, for transport block 1:

-
Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3]

-
New data indicator – 1 bit

In addition, for transport block 2:

-
Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3]

-
New data indicator – 1 bit

Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in Table 5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index is to be used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index is to be used in Table 5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled, transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport blocks is disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For a single enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding transport block if that transport block has previously been transmitted using two layers.

Table 5.3.3.1.8-1: Number of bits for precoding information

	Number of antenna ports at UE
	Number of bits for precoding information

	2
	3

	4
	6


Table 5.3.3.1.8-2: Content of precoding information field for 2 antenna ports

	One codeword: 
Codeword 0 enabled

Codeword 1 disabled
	Two codewords: 
Codeword 0 enabled

Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	1 layer: TPMI=0
	0
	2 layers: TPMI=0

	1
	1 layer: TPMI=1
	1-7
	reserved

	2
	1 layer: TPMI=2
	
	

	…
	…
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	


Table 5.3.3.1.8-3: Content of precoding information field for 4 antenna ports

	One codeword: 
Codeword 0 enabled

Codeword 1 disabled
	Two codewords: 
Codeword 0 enabled

Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	1 layer: TPMI=0
	0
	2 layers: TPMI=0

	1
	1 layer: TPMI=1
	1
	2 layers: TPMI=1

	…
	…
	…
	…

	23
	1 layer: TPMI=23
	15
	2 layers: TPMI=15

	24
	2 layers: TPMI=0
	16
	3 layers: TPMI=0

	25
	2 layers: TPMI=1
	17
	3 layers: TPMI=1

	…
	…
	…
	…

	39
	2 layers: TPMI=15
	27
	3 layers: TPMI=11

	40-63
	reserved
	28
	4 layers: TPMI=0

	
	
	29 - 63
	Reserved


If the number of information bits in format 4 is equal to the payload size for DCI format 1, 2, 2A, 2B or 2C associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format 4.
7.1.4.22.3
Test description

7.1.4.22.3.1
Pre-test conditions

System Simulator:

-
Cell 1

-
System information takes into account the parameters in table 7.1.2.11.3.1-1.

UE:

UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme
Preamble:

-
The UE is in state Loopback Activated (state 4) according to [18] using parameters as specified in Table 7.1.4.22.3.3-1 and 7.1.4.22.3.3-2.

-
The loop back size is set in such a way that one RLC SDU in DL shall result in 1 RLC SDU’s in UL.

-
No UL Grant is allocated; PUCCH is in synchronised state for sending Scheduling Requests.

7.1.4.22.3.2
Test procedure sequence

Table 7.1.4.22.3.2-1: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	The SS transmits one MAC PDU including two RLC SDUs
	<--
	MAC PDU (2 RLC SDUs)
	-
	-

	2
	The SS transmits one UL Grant sufficient for transmitting loop back two RLC SDUs for two HARQ process X and Y, and both NDI indicate new transmission.
	<--
	Uplink Grant
DCI: (DCI Format 4, redundancy version#1= 0, redundancy version#2= 0)
	-
	-

	3
	Check: Does the UE transmit two MAC PDUs both including one RLC SDU in HARQ process X and Y in a TTI, both redundancy version 0?

(Note 1)
	-->
	Transport block 1:

MAC PDU

Transport block 2:

MAC PDU
	1
	P

	4
	The SS transmits two NACKs for HARQ process X and Y
	<--
	HARQ NACK#X

HARQ NACK#Y
	-
	-

	5
	Check: Does the UE retransmit the MAC PDUs for HARQ process X and Y, redundancy version 2?

(Note 1)
	-->
	Transport block 1:

MAC PDU

Transport block 2:

MAC PDU
	2
	P

	6
	The SS transmits a NACK for HARQ process X and ACK for HARQ process Y
	<--
	HARQ NACK#X

HARQ ACK#Y
	-
	-

	7
	Check: Does the UE retransmit the MAC PDU for HARQ process X, redundancy version 3?

(Note 1)
	-->
	Transport block 1:

MAC PDU
	3
	P

	8
	The SS transmits ACK for HARQ process X
	<--
	HARQ ACK#X


	-
	-

	9
	Check: Does the UE retransmit the MAC PDUs for HARQ process X and Y?
	-->
	Transport block 1:

MAC PDU

Transport block 2:

MAC PDU
	5
	F

	10
	The SS transmits one MAC PDU including one RLC SDU
	<--
	MAC PDU (1 RLC SDU)
	-
	-

	11
	The SS transmits one UL grant for HARQ process X and Y, with NDI not toggled and redundancy version to be used as ‘1’ for process X, with NDI toggled for process Y
	<--
	Uplink Grant
	-
	-

	12
	Check: Does the UE retransmit the MAC PDU for HARQ process X using redundancy version 1 and transmit a new MAC PDU sent by SS in step 10 for HARQ process Y?

(Note 1)
	-->
	Transport block 1:

MAC PDU (redundancy version 1)
Transport block 2:

MAC PDU 
	4
	P

	13
	The SS transmits an RLC STATUS PDU to the UE.
	<--
	MAC PDU(RLC STATUS PDU (ACK_SN=3))
	-
	-

	Note 1:
Transmission of a UL MAC PDU with a specific redundancy version by the UE is implicitly tested by receiving the UL MAC PDU correctly at SS.


7.1.4.22.3.3
Specific message contents

Table 7.1.4.22.3.3-1: MAC-MainConfig {RRCConnectionReconfiguration (preamble: Table 4.5.3.3-1, step 8)}

	Derivation path: 36.508 table 4.8.2.1.5-1

	Information Element
	Value/remark
	Comment
	Condition

	MAC-MainConfig-RBC ::= SEQUENCE {
	
	
	

	  ul-SCH-Config SEQUENCE {
	
	
	

	    maxHARQ-Tx
	n6
	
	

	  }
	
	
	

	}
	
	
	


Table 7.1.4.22.3.3-2: RLC-Config-DRB-AM {RRCConnectionReconfiguration (preamble: Table 4.5.3.3-1, step 8)}

	Derivation path: 36.508 clause 4.8.2.1.3.2, Table 4.8.2.1.3.2-1

	Information Element
	Value/Remark
	Comment
	Condition

	RLC-Config-DRB-AM ::= CHOICE {
	
	
	

	  am SEQUENCE {
	
	
	

	    ul-AM-RLC SEQUENCE {
	
	
	

	      t-PollRetransmit
	ms250
	
	

	    }
	
	
	

	  }
	
	
	

	}
	
	
	


