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<Start of Change>

7.1.2.3.3
AM RLC / 12-bit SN / Correct use of sequence numbering

7.1.2.3.3.1
Test Purpose (TP)

(1)

with { UE in RRC_CONNECTED state with AM RLC 12 bit SN }

ensure that {
  when { UE transmits the PDU corresponding to first SDU }

    then { UE includes the SN field equal to 0 in PDU }

            }

(2)
with { UE in RRC_CONNECTED state with AM RLC 12 bit SN }

ensure that {
  when{ UE transmits subsequent SDUs }

    then { UE includes the SN field incremented by 1 per SDU of each PDU transmitted }

            }

(3)

with { UE in RRC_CONNECTED state with AM RLC 12 bit SN }

ensure that {

  with { UE transmits more than 4096 SDUs}

    then { UE wraps the SN after transmitting the 4096 SDUs}

            }

(4)

with { UE in RRC_CONNECTED state with AM RLC 12 bit SN

ensure that {

  with { more than 4096 SDUs are sent to UE }

    then { UE accepts PDUs with SNs that wrap around every 4096 SDUs }

            }

7.1.2.3.3.2
Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.322, clauses 5.2.3.1.1, 5.2.3.2.1, 5.2.3.2.2, 6.2.2.4 and 7.1. Unless otherwise stated these are Rel-15 requirements.
[TS 38.322, clause 5.2.3.2.1]

The receiving side of an AM RLC entity shall maintain a receiving window according to the state variable RX_Next as follows:

-
a SN falls within the receiving window if RX_Next <= SN < RX_Next + AM_Window_Size;

-
a SN falls outside of the receiving window otherwise.

When receiving an AMD PDU from lower layer, the receiving side of an AM RLC entity shall:

-
either discard the received AMD PDU or place it in the reception buffer (see sub clause 5.2.3.2.2);

-
if the received AMD PDU was placed in the reception buffer:

-
update state variables, reassemble and deliver RLC SDUs to upper layer and start/stop t-Reassembly as needed (see sub clause 5.2.3.2.3).

When t-Reassembly expires, the receiving side of an AM RLC entity shall:

-
update state variables and start t-Reassembly as needed (see sub clause 5.2.3.2.4).

[TS 38.322, clause 5.2.3.2.2]

When an AMD PDU is received from lower layer, where the AMD PDU contains byte segment numbers y to z of an RLC SDU with SN = x, the receiving side of an AM RLC entity shall:

-
if x falls outside of the receiving window; or

-
if byte segment numbers y to z of the RLC SDU with SN = x have been received before:

-
discard the received AMD PDU.

-
else:

-
place the received AMD PDU in the reception buffer;

-
if some byte segments of the RLC SDU contained in the AMD PDU have been received before:

-
discard the duplicate byte segments.

[TS 38.322, clause 6.2.2.4]

AMD PDU consists of a Data field and an AMD PDU header. The AMD PDU header is byte aligned.

An AM RLC entity is configured by RRC to use either a 12 bit SN or a 18 bit SN. The length of the AMD PDU header is two and three bytes respectively.

An AMD PDU header contains a D/C, a P, a SI, and a SN. An AMD PDU header contains the SO field only when the Data field consists of an RLC SDU segment which is not the first segment, in which case a 16 bit SO is present.
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Figure 6.2.2.4-1: AMD PDU with 12 bit SN (No SO)
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Figure 6.2.2.4-2: AMD PDU with 18 bit SN (No SO)
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Figure 6.2.2.4-3: AMD PDU with 12 bit SN with SO
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Figure 6.2.2.4-4: AMD PDU with 18 bit SN with SO

[TS 38.322, clause 7.1]

c) RETX_COUNT – Counter

This counter counts the number of retransmissions of an RLC SDU or RLC SDU segment (see subclause 5.3.2). There is one RETX_COUNT counter maintained per RLC SDU.
The receiving side of each AM RLC entity shall maintain the following state variables:

a) RX_Next – Receive state variable

This state variable holds the value of the SN following the last in-sequence completely received RLC SDU, and it serves as the lower edge of the receiving window. It is initially set to 0, and is updated whenever the AM RLC entity receives an RLC SDU with SN = RX_Next.

b) RX_Next_Status_Trigger – t-Reassembly state variable

This state variable holds the value of the SN following the SN of the RLC SDU which triggered t-Reassembly.

c) RX_Highest_Status – Maximum STATUS transmit state variable

This state variable holds the highest possible value of the SN which can be indicated by "ACK_SN" when a STATUS PDU needs to be constructed. It is initially set to 0.

d) RX_Next_Highest – Highest received state variable

This state variable holds the value of the SN following the SN of the RLC SDU with the highest SN among received RLC SDUs. It is initially set to 0.

Each transmitting UM RLC entity shall maintain the following state variables:

a) TX_Next

This state variable holds the value of the SN to be assigned for the next newly generated UMD PDU with segment. It is initially set to 0, and is updated after the UM RLC entity submits a UMD PDU including the last segment of an RLC SDU to lower layers.

Each receiving UM RLC entity shall maintain the following state variables and constant:

b) RX_Next_Reassembly – UM receive state variable

This state variable holds the value of the earliest SN that is still considered for reassembly. It is initially set to 0.

c) RX_Timer_Trigger – UM t-Reassembly state variable

This state variable holds the value of the SN following the SN which triggered t-Reassembly.

d) RX_Next_Highest– UM receive state variable

This state variable holds the value of the SN following the SN of the UMD PDU with the highest SN among received UMD PDUs. It serves as the higher edge of the reassembly window. It is initially set to 0.
7.1.2.3.3.3
Test description

7.1.2.3.3.3.1
Pre-test conditions

Same Pre-test conditions as in clause 7.1.2.3.3 with the exception that the AM DRB is configured according to Table 7.1.2.3.3.3.1-1.

Table 7.1.2.3.3.3.1-1: RLC parameters

	Uplink SN-FieldLength-AM
	size12

	Downlink SN-FieldLength-AM
	size12


and the expectations listed in table 7.1.2.3.4.3.1-2.
Table 7.1.2.3.3.3.1-2: RLC settings

	Parameter
	Value

	pollPDU
	infinity

	pollByte
	infinity


7.1.2.3.3.3.2
Test procedure sequence

Table 7.1.2.3.3.3.2-1: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message/PDU/SDU
	
	

	-
	During the whole test sequence, the SS should not allocate UL grants unless when explicitly stated so in the procedure.
	-
	-
	-
	-

	-
	EXCEPTION: The
SS is configured 500ms in advance for step 1 and 2. Step 1 is executed 2048 times such that 1 AMD PDU is transmitted every second radio frame. (Note 1). Step 2 is started 60 ms after the first DL AMD PDU has been transmitted in step 1 (Note 1,3).
	-
	-
	-
	-

	-
	EXCEPTION:
In parallel to steps 1 and 2, the behaviour described in Table 7.1.2.3.3.3.2-2 is running.
	-
	-
	-
	-

	1
	The SS transmits an AMD PDU to the UE. SN equals 0 and is incremented for each PDU transmitted (Note 1,3).
	<--
	AMD PDU 
	-
	-

	2
	The SS transmits 1 UL grant (UL grant allocation type [2]) in every second radio frame to enable the UE to return each received AMD PDU in one looped back AMD PDU (Note 1,3).
	<--
	(UL grants)
	-
	-

	3
	The SS does not allocate any uplink grant. 
	-
	-
	-
	-

	-
	EXCEPTION:
The SS is configured 500ms in advance for step 4 and 5. Step 4 is executed 2048 times such that 1 AMD PDU is transmitted every second radio frame. (Note 1). Step 5 is started 60 ms after the first DL AMD PDU has been transmitted in step 4 (Note 1,3).
	-
	-
	-
	-

	-
	EXCEPTION:
In parallel to steps 4 and 5, the behaviour described in Table 7.1.2.3.3.3.2-3 is running.
	-
	-
	-
	-

	4
	The SS transmits an AMD PDU to the UE. SN equals 2048 and is incremented for each PDU transmitted.
	<--
	AMD PDU
	-
	-

	5
	The SS transmits 1 UL grant (UL grant allocation type [2]) in every second radio frame to enable the UE to return each received AMD PDU in one looped back AMD PDU (Note 1,3).
	<--
	(UL grants)
	-
	-

	6
	The SS transmits an AMD PDU to the UE. SN equals 0.
	<--
	AMD PDU
	-
	-

	7
	The SS starts the UL default grant transmission.
	-
	-
	-
	-

	8
	Check: Does the UE transmit an AMD PDU with SN=0?
	-->
	AMD PDU
	3,4
	P

	9
	The SS transmits a STATUS PDU with ACK_SN = 1. 
	<--
	STATUS PDU
	-
	-

	Note 1:
20 ms gap between transmissions both in DL and UL respectively allows TTCN to tolerate one HARQ retransmission (FDD/TDD) per transport block, if such happen (TS 38.523-3 [3]).

Note 2:
Delaying first UL grant for 60 ms, ensures that UE UL buffer does not become empty every time one UL AMD PDU is sent, i.e. the UE does not enable polling for every UL AMD PDU. The SS continuously transmits the grants until it has received all PDUs in UL.
Note 3:
The RLC SDU size shall be 10 octets. With 2 octets of MAC header and 3 octets of RLC header (without SO) the RLC PDU consists of 120 bits and a TBS of 136 bits shall be allocated


Table 7.1.2.3.3.3.2-2: Parallel behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	Check: Does the UE transmit an AMD PDU with SN = 0?
	-->
	AMD PDU
	1
	P

	-
	EXCEPTION: Steps 2 and 3a1 are executed 2047 times.
	-
	-
	-
	-

	2
	Check: Does the UE transmit an AMD PDU with SN increased by 1 compared with the previous one?(Note1)
	-->
	AMD PDU
	2
	P

	
	
	
	
	
	

	
	
	
	
	
	

	Note 1:
The verdict shall be provided each if k mod 2048 = 0, and k shall be explicitly stated . k is the received SN.


Table 7.1.2.3.3.3.2-3: Parallel behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	-
	EXCEPTION: Steps 1 and 2a1 are executed 2048 times.
	-
	-
	-
	-

	1
	Check: Does the UE transmit an AMD PDU with SN increased by 1 compared with the previous one?(Note1)
	-->
	AMD PDU
	2
	P

	
	
	
	
	
	

	
	
	
	
	
	

	Note 1:
The verdict shall be provided each if k mod 2048 = 0, and k shall be explicitly stated . k is the received SN.


7.1.2.3.3.3.3
Specific message contents

None.
<End of Change>
<Start of Change>

7.1.2.3.4
AM RLC / 18-bit SN / Correct use of sequence numbering

7.1.2.3.4.1
Test Purpose (TP)
(1)

with { UE in RRC_CONNECTED state with AM RLC 18 bit SN }

ensure that {
  when { UE transmits the PDU corresponding to first SDU }

    then { UE includes the SN field equal to 0 in PDU }

            }

(2)
with { UE in RRC_CONNECTED state with AM RLC 18 bit SN }

ensure that {
  when{ UE transmits subsequent SDUs }

    then { UE includes the SN field incremented by 1 per SDU of each PDU transmitted }

            }

(3)

with { UE in RRC_CONNECTED state with AM RLC 18 bit SN }

ensure that {

  with { UE transmits more than 262144 SDUs }

    then { UE wraps the SN after transmitting the 262144 SDUs }

            }

(4)

with { UE in RRC_CONNECTED state with AM RLC 18 bit SN

ensure that {

  with { more than 262144 SDUs are sent to UE }

    then { UE accepts PDUs with SNs that wrap around every 262144 SDUs }

            }

7.1.2.3.4.2
Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.322, clause 5.2.3.1.1, 5.2.3.2.1, 5.2.3.2.2, 6.2.2.4, 7.1. Unless otherwise stated these are Rel-15 requirements.
[TS 38.322, clause 5.2.3.2.1]

The receiving side of an AM RLC entity shall maintain a receiving window according to the state variable RX_Next as follows:

-
a SN falls within the receiving window if RX_Next <= SN < RX_Next + AM_Window_Size;

-
a SN falls outside of the receiving window otherwise.

When receiving an AMD PDU from lower layer, the receiving side of an AM RLC entity shall:

-
either discard the received AMD PDU or place it in the reception buffer (see sub clause 5.2.3.2.2);

-
if the received AMD PDU was placed in the reception buffer:

-
update state variables, reassemble and deliver RLC SDUs to upper layer and start/stop t-Reassembly as needed (see sub clause 5.2.3.2.3).

When t-Reassembly expires, the receiving side of an AM RLC entity shall:

-
update state variables and start t-Reassembly as needed (see sub clause 5.2.3.2.4).

[TS 38.322, clause 5.2.3.2.2]

When an AMD PDU is received from lower layer, where the AMD PDU contains byte segment numbers y to z of an RLC SDU with SN = x, the receiving side of an AM RLC entity shall:

-
if x falls outside of the receiving window; or

-
if byte segment numbers y to z of the RLC SDU with SN = x have been received before:

-
discard the received AMD PDU.

-
else:

-
place the received AMD PDU in the reception buffer;

-
if some byte segments of the RLC SDU contained in the AMD PDU have been received before:

-
discard the duplicate byte segments.

[TS 38.322, clause 6.2.2.4]

AMD PDU consists of a Data field and an AMD PDU header. The AMD PDU header is byte aligned.

An AM RLC entity is configured by RRC to use either a 12 bit SN or a 18 bit SN. The length of the AMD PDU header is two and three bytes respectively.

An AMD PDU header contains a D/C, a P, a SI, and a SN. An AMD PDU header contains the SO field only when the Data field consists of an RLC SDU segment which is not the first segment, in which case a 16 bit SO is present.
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Figure 6.2.2.4-1: AMD PDU with 12 bit SN (No SO)
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Figure 6.2.2.4-2: AMD PDU with 18 bit SN (No SO)
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Figure 6.2.2.4-3: AMD PDU with 12 bit SN with SO
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Figure 6.2.2.4-4: AMD PDU with 18 bit SN with SO

[TS 38.322, clause 7.1]

c) RETX_COUNT – Counter

This counter counts the number of retransmissions of an RLC SDU or RLC SDU segment (see subclause 5.3.2). There is one RETX_COUNT counter maintained per RLC SDU.
The receiving side of each AM RLC entity shall maintain the following state variables:

a) RX_Next – Receive state variable

This state variable holds the value of the SN following the last in-sequence completely received RLC SDU, and it serves as the lower edge of the receiving window. It is initially set to 0, and is updated whenever the AM RLC entity receives an RLC SDU with SN = RX_Next.

b) RX_Next_Status_Trigger – t-Reassembly state variable

This state variable holds the value of the SN following the SN of the RLC SDU which triggered t-Reassembly.

c) RX_Highest_Status – Maximum STATUS transmit state variable

This state variable holds the highest possible value of the SN which can be indicated by "ACK_SN" when a STATUS PDU needs to be constructed. It is initially set to 0.

d) RX_Next_Highest – Highest received state variable

This state variable holds the value of the SN following the SN of the RLC SDU with the highest SN among received RLC SDUs. It is initially set to 0.

Each transmitting UM RLC entity shall maintain the following state variables:

a) TX_Next

This state variable holds the value of the SN to be assigned for the next newly generated UMD PDU with segment. It is initially set to 0, and is updated after the UM RLC entity submits a UMD PDU including the last segment of an RLC SDU to lower layers.

Each receiving UM RLC entity shall maintain the following state variables and constant:

b) RX_Next_Reassembly – UM receive state variable

This state variable holds the value of the earliest SN that is still considered for reassembly. It is initially set to 0.

c) RX_Timer_Trigger – UM t-Reassembly state variable

This state variable holds the value of the SN following the SN which triggered t-Reassembly.

d) RX_Next_Highest– UM receive state variable

This state variable holds the value of the SN following the SN of the UMD PDU with the highest SN among received UMD PDUs. It serves as the higher edge of the reassembly window. It is initially set to 0.
7.1.2.3.4.3
Test description

7.1.2.3.4.3.1
Pre-test conditions

Same Pre-test conditions as in clause 7.1.2.3.4 with the exception that the AM DRB is configured according to Table 7.1.2.3.4.3.1-1.

Table 7.1.2.3.4.3.1-1: RLC parameters

	Uplink SN-FieldLength-AM
	size18

	Downlink SN-FieldLength-AM
	size18


and the expectations listed in table 7.1.2.3.4.3.1-2.
Table 7.1.2.3.4.3.1-2: RLC settings

	Parameter
	Value

	pollPDU
	infinity

	pollByte
	infinity


7.1.2.3.4.3.2
Test procedure sequence

Table 7.1.2.3.4.3.2-1: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message/PDU/SDU
	
	

	-
	During the whole test sequence, the SS should not allocate UL grants unless when explicitly stated so in the procedure.
	-
	-
	-
	-

	-
	EXCEPTION:
The SS is configured 500ms in advance for step 1 and 2. Step 1 is executed 131072 times such that 1 AMD PDU is transmitted every second radio frame. (Note 1). Step 2 is started 60 ms after the first DL AMD PDU has been transmitted in step 1 (Note 1,3).
	-
	-
	-
	-

	-
	EXCEPTION:
In parallel to steps 1 and 2, the behaviour described in Table 7.1.2.3.4.3.2-2 is running.
	-
	-
	-
	-

	1
	The SS transmits an AMD PDU to the UE. SN equals 0 and is incremented for each PDU transmitted (Note 1,3).
	<--
	AMD PDU
	-
	-

	2
	The SS transmits 1 UL grant (UL grant allocation type [2]) in every second radio frame to enable the UE to return each received AMD PDU in one looped back AMD PDU (Note 1,3).
	<--
	(UL grants)
	-
	-

	3
	The SS does not allocate any uplink grant. 
	-
	-
	-
	-

	-
	EXCEPTION:
The SS is configured 500ms in advance for step 4 and 5.Step 4 is executed  131072  times such that 1 AMD PDU is transmitted every second radio frame. (Note 1). Step 5 is started 60 ms after the first DL AMD PDU has been transmitted in step 4 (Note 1,3).
	-
	-
	-
	-

	-
	EXCEPTION:
In parallel to steps 4 and 5, the behaviour described in Table 7.1.2.3.4.3.2-3 is running.
	-
	-
	-
	-

	4
	The SS transmits an AMD PDU to the UE. SN equals  131072 and is incremented for each PDU transmitted.
	<--
	AMD PDU
	-
	-

	5
	The SS transmits 1 UL grant (UL grant allocation type [2]) in every second radio frame to enable the UE to return each received AMD PDU in one looped back AMD PDU (Note 1,3).
	<--
	(UL grants)
	-
	-

	6
	The SS transmits an AMD PDU to the UE. SN equals 0.
	<--
	AMD PDU
	-
	-

	7
	The SS starts the UL default grant transmission.
	-
	-
	-
	-

	8
	Check: Does the UE transmit an AMD PDU with SN=0?
	-->
	AMD PDU
	3,4
	P

	9
	The SS transmits a STATUS PDU with ACK_SN = 1. 
	<--
	STATUS PDU
	-
	-

	Note 1:
20 ms gap between transmissions both in DL and UL respectively allows TTCN to tolerate one HARQ retransmission (FDD/TDD) per transport block, if such happen (TS 38.523-3 [3]).

Note 2:
Delaying first UL grant for 60 ms, ensures that UE UL buffer does not become empty every time one UL AMD PDU is sent, i.e. the UE does not enable polling for every UL AMD PDU. The SS continuously transmits the grants until it has received all PDUs in UL.
Note 3:
The RLC SDU size shall be 10 octets. With 2 octets of MAC header and 3 octets of RLC header (without SO) the RLC PDU consists of 120 bits and a TBS of 136 bits shall be allocated


Table 7.1.2.3.4.3.2-2: Parallel behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	Check: Does the UE transmit an AMD PDU with SN = 0?
	-->
	AMD PDU
	1
	P

	-
	EXCEPTION: Steps 2 and 3a1 are executed 131071 times.
	-
	-
	-
	-

	2
	Check: Does the UE transmit an AMD PDU with SN increased by 1 compared with the previous one? (Note1)
	-->
	AMD PDU
	2
	P

	Note 1:
The verdict shall be provided each if k mod 2048 = 0, and k shall be explicitly stated . k is the received SN.


Table 7.1.2.3.4.3.2-3: Parallel behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	-
	EXCEPTION: Steps 1 and 2a1 are executed 131072 times.
	-
	-
	-
	-

	1
	Check: Does the UE transmit an AMD PDU with SN increased by 1 compared with the previous one? (Note1)
	-->
	AMD PDU
	2
	P

	Note 1:
The verdict shall be provided each if k mod 2048 = 0, and k shall be explicitly stated . k is the received SN.


7.1.2.3.4.3.3
Specific message contents

None.
<End of Change>
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