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7.1.2.2
RLC Unacknowledged mode

7.1.2.2.1
UM RLC / Segmentation and reassembly / 6-bit SN / Segmentation Info (SI) field

7.1.2.2.1.1
Test Purpose (TP)

(1)

with { UE in RRC_CONNECTED state configured for 6 bit SN in RLC UM }

ensure that {

  when { UE receives UMD PDU containing a SI field set to 00 }

    then { UE correctly decodes the received UMD PDU }

            }

(2)

with { UE in RRC_CONNECTED state configured for 6 bit SN in RLC UM }

ensure that {

  when { UE receives a 6 bit SN configured UMD PDU containing a SI field set to 01 }

    then { UE correctly decodes the received UMD PDU }

            }

(3)

with { UE in RRC_CONNECTED state configured for 6 bit SN in RLC UM }

ensure that {

  when { UE receives a 6 bit SN configured UMD PDU containing a SI field set to 11 and SO field }

    then { UE correctly decodes the received UMD PDU }

            }

(4)

with { UE in RRC_CONNECTED state configured for 6 bit SN in RLC UM }

ensure that {

  when { UE receives a 6 bit SN configured UMD PDU containing a SI field set to 10 and SO field }
    then { UE correctly decodes the received UMD PDU }

            }
(5)

with { UE in RRC_CONNECTED state configured for 6 bit SN in RLC UM }

ensure that {

  when { UE has UL SDU to send and UL grant available is sufficient to send whole SDU in one PDU }

    then { UE transmits RLC SDU containing a SI field set to 00 }

            }

(6)

with { UE in RRC_CONNECTED state configured for 6 bit SN in RLC UM }

ensure that {

  when { UE has UL SDU to send and UL grant available is not sufficient to send whole SDU in one PDU }

    then { UE transmits first RLC SDU segment containing a SI field set to 01 and including 6 bit SN }

            }

(7)

with { UE in RRC_CONNECTED state configured for 6 bit SN in RLC UM }

ensure that {

  when { UE has UL SDU to send and UL grant available is not sufficient to send whole SDU in one PDU }

    then { UE transmits middle RLC SDU segment containing a SI field set to 11, including SO field and including 6 bit SN }

            }

(8)

with { UE in RRC_CONNECTED state configured for 6 bit SN in RLC UM }

ensure that {

  when { UE has UL SDU to send and UL grant available is not sufficient to send whole SDU in one PDU }

    then { UE transmits last RLC SDU segment containing a SI field set to 10, including SO field and including 6 bit SN }

            }

7.1.2.2.1.2
Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.322, clauses 5.2.2.2.1, 5.2.2.2.2, 6.2.3.4 and 6.2.2.3. Unless otherwise stated these are Rel-15 requirements.
[TS 38.322, clause 5.2.2.2.1]

The receiving UM RLC entity shall maintain a reassembly window according to state variable RX_Next_Highest as follows:

-
a SN falls within the reassembly window if (RX_Next_Highest – UM_Window_Size) <= SN <RX_Next_Highest;

-
a SN falls outside of the reassembly window otherwise.

When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:

-
either deliver the UMD PDU after removing the RLC header, discard the received UMD PDU, or place it in the reception buffer (see sub clause 5.2.2.2.2);

-
if the received UMD 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 5.2.2.2.3).
When t-Reassembly expires, the receiving UM RLC entity shall:

-
update state variables, discard RLC SDU segments and start t-Reassembly as needed (see sub clause 5.2.2.2.4).

[TS 38.322, clause 5.2.2.2.2]

When an UMD PDU is received from lower layer, the receiving UM RLC entity shall:

-
if the UMD PDU header does not contain an SN:

-
remove the RLC header and deliver the RLC SDU to upper layer. 

-
else if (RX_Next_Highest – UM_Window_Size) <= SN < RX_Next_Reassembly:

-
discard the received UMD PDU.

-
else:

-
place the received UMD PDU in the reception buffer.

[TS 38.322, clause 6.2.2.3]

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

When an UMD PDU contains a complete RLC SDU, the UMD PDU header only contains the SI and R fields.

An UM RLC entity is configured by RRC to use either a 6 bit SN or a 12 bit SN. An UMD PDU header contains the SN field only when the corresponding RLC SDU is segmented. An UMD PDU carrying the first segment of an RLC SDU does not carry the SO field in its header. The length of the SO field is 16 bits.
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Figure 6.2.2.3-1: UMD PDU containing a complete RLC SDU
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Figure 6.2.2.3-2: UMD PDU with 6 bit SN (No SO)
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Figure 6.2.2.3-3: UMD PDU with 12 bit SN (No SO)
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Figure 6.2.2.3-4: UMD PDU with 6 bit SN and with SO
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Figure 6.2.2.3-5: UMD PDU with 12 bit SN and with SO

[TS 38.322, clause 6.2.3.4]

Length: 2 bits.

The SI field indicates whether a RLC PDU contains a complete RLC SDU or the first, middle, last segment of a RLC SDU.

Table 6.2.2.6-1: SI field interpretation

	Value
	Description

	00
	Data field contains all bytes of a RLC SDU

	01
	Data field contains the first segment of a RLC SDU

	10
	Data field contains the last segment of a RLC SDU

	11
	Data field contains neither the first nor last segment of a RLC SDU


7.1.2.2.1.3
Test description

7.1.2.2.1.3.1
Pre-test conditions

Same Pre-test conditions as in clause 7.1.2.1.2 with the exception for the UM DRB is configured according to Table 7.1.2.2.1.3.1-1.

Table 7.1.2.2.1.3.1-1: RLC parameters

	Uplink UM RLC sn-FieldLength
	size6

	Downlink UM RLC sn-FieldLength
	size6


7.1.2.2.1.3.2
Test procedure sequence

Table 7.1.2.2.1.3.2-1: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	0
	The SS stops allocating any UL grant.
	-
	-
	-
	-

	1
	The SS transmits UMD PDU#1 containing a complete RLC SDU#1 (SI field = 00).
	<--
	UMD PDU#1
	-
	-

	2
	SS allocates an UL grant sufficient to loop back RLC SDU#1 in one RLC/MAC PDU
	<--
	UL Grant
	-
	-

	3
	Check: Does the UE transmit RLC SDU#1?
	-->
	(RLC SDU#1)
	1,5
	P

	
	
	
	
	
	

	4
	The SS transmits UMD PDU#2 containing the first segment of RLC SDU#2 (SI field = 01). Note 2
	<--
	UMD PDU#2
	-
	-

	5
	The SS transmits UMD PDU#3 containing the second segment of RLC SDU#2 (SI field = 11) and including SO field. Note 2
	<--
	UMD PDU#3
	-
	-

	6
	The SS transmits UMD PDU#4 containing the last segment of RLC SDU#2 (SI field = 10) and including SO field. Note 2
	<--
	UMD PDU#4
	-
	-

	7
	SS allocates 3 UL grants at an interval of 20 ms so as to loop back RLC SDU#2 in 3 RLC/MAC PDUs. Note 1 & 2
	<--
	UL Grants
	-
	-

	8
	Check: Does the UE transmit UMD PDU#2 containing the first segment of RLC SDU#2 (SI field = 01)?
	-->
	(RLC SDU#2, first segment)
	2,3,4,6
	P

	9
	Check: Does the UE transmit UMD PDU#3 containing the second segment of RLC SDU#2 (SI field = 11) and including SO field?
	-->
	(RLC SDU#2, second  segment)
	2,3,4,7
	P

	10
	Check: Does the UE transmit UMD PDU#4 containing the last segment of RLC SDU#2 (SI field = 10) and including SO field?
	-->
	(RLC SDU#2, last segment)
	2,3,4,8
	P

	Note 1:
The UL grants for step 8,9,10 are sufficiently small (240 bits, LRBs & IMCS as per 38.523-3[3] annex B) that UE transmits RLC SDU#2 in 3 UL RLC PDUs by segmenting.

Note 2:
The RLC PDU containing segment  shall be of size 224 bits and a MAC sub PDU header of 16 bits resulting in a MAC PDU of size 240 bits. The data part in step 4 first segment not including SO is 216 bits (27 Bytes). Step 5, second segment SO=27 and data is 200 bits (25 bytes). Step 6, third segment SO=27+25=52 and data is 200 bits (25 bytes).


7.1.2.2.1.3.3
Specific message contents

None.

7.1.2.2.2
UM RLC / Segmentation and reassembly / 12-bit SN / Segmentation Info (SI) field

7.1.2.2.2.1
Test Purpose (TP)

(1)

with { UE in RRC_CONNECTED state configured for 12 bit SN in RLC UM }

ensure that {

  when { UE receives UMD PDU containing a SI field set to 00 }

    then { UE correctly decodes the received UMD PDU }

            }

(2)

with { UE in RRC_CONNECTED state configured for 12 bit SN in RLC UM }

ensure that {

  when { UE receives a 12 bit SN configured UMD PDU containing a SI field set to 01 }

    then { UE correctly decodes the received UMD PDU }

            }

(3)

with { UE in RRC_CONNECTED state configured for 12 bit SN in RLC UM }

ensure that {

  when { UE receives a 12 bit SN configured UMD PDU containing a SI field set to 11 and SO field }

    then { UE correctly decodes the received UMD PDU }

            }

(4)

with { UE in RRC_CONNECTED state configured for 12 bit SN in RLC UM }

ensure that {

  when { UE receives a 12 bit SN configured UMD PDU containing a SI field set to 10 and SO field }

    then { UE correctly decodes the received UMD PDU }

            }
(5)

with { UE in RRC_CONNECTED state configured for 12 bit SN in RLC UM }

ensure that {

  when { UE has UL SDU to send and UL grant available is sufficient to send whole SDU in one PDU }

    then { UE transmits RLC SDU containing a SI field set to 00  }

            }

(6)

with { UE in RRC_CONNECTED state configured for 12 bit SN in RLC UM }

ensure that {

  when { UE has UL SDU to send and UL grant available is not sufficient to send whole SDU in one PDU }

    then { UE transmits first RLC SDU segment containing a SI field set to 01 and including 12 bit SN}

            }

(7)

with { UE in RRC_CONNECTED state configured for 12 bit SN in RLC UM }

ensure that {

  when { UE has UL SDU to send and UL grant available is not sufficient to send whole SDU in one PDU }

    then { UE transmits middle RLC SDU segment containing a SI field set to 11, including SO field and including 12 bit SN }

            }

(8)

with { UE in RRC_CONNECTED state configured for 12 bit SN in RLC UM }

ensure that {

  when { UE has UL SDU to send and UL grant available is not sufficient to send whole SDU in one PDU }

    then { UE transmits last RLC SDU segment containing a SI field set to 10, including SO field and including 12 bit SN }

            }

7.1.2.2.2.2
Conformance requirements

Same conformance requirements as clause 7.1.2.2.1.2

7.1.2.2.2.3
Test description

7.1.2.2.2.3.1
Pre-test conditions

Same Pre-test conditions as in clause 7.1.2.1.2 with the exception for the UM DRB is configured according to Table 7.1.2.2.2.3.1-1.

Table 7.1.2.2.2.3.1-1: RLC parameters

	Uplink UM RLC sn-FieldLength
	size12

	Downlink UM RLC sn-FieldLength
	size12


7.1.2.2.2.3.2
Test procedure sequence

Same test procedure sequence as 7.1.2.2.1.3.2 except that RLC UM SN is 12 bit and the data part in step 4 first segment not including SO is 208 bits (26 Bytes). Step 5, second segment SO=26 and data is 192 bits (24 bytes). Step 6, third segment SO=26+24=50 and data is 192 bits (24 bytes).

7.1.2.2.2.3.3
Specific message contents

None.

7.1.2.2.3
UM RLC / 6-bit SN / Correct use of sequence numbering

7.1.2.2.3.1
Test Purpose (TP)

(1)

with { UE in RRC_CONNECTED state with UM RLC 6 bit SN }

ensure that {

  when { UE transmits the first PDU which is segmented }

    then { UE includes the SN field equal to 0 in each RLC segment }

            }

(2)

with { UE in RRC_CONNECTED state with UM RLC 6 bit SN }

ensure that {

  when { UE transmit subsequent segmented PDUs }

    then { UE includes the SN field incremented by 1 for each segmented PDU of one RLC SDU }

            }

(3)

with { UE in RRC_CONNECTED state with UM RLC 6 bit SN }

ensure that {

  when { UE transmit segments belonging to more than 64 SDUs }

    then { UE wraps the SN after transmitting the segments of 64 SDUs }

            }

(4)

with { UE in RRC_CONNECTED state with UM RLC 6 bit SN }

ensure that {

  when { segments of more than 64 SDUs are sent to UE }

    then { UE accepts PDUs with SNs that wrap around every 64 segmented SDUs }

            }

7.1.2.2.3.2
Conformance requirements

References: The conformance requirements covered in the present TC are specified in: 3GPP TS 38.322, clause 5.2.2.1.1, 5.2.2.2, 6.2.2.3, 6.2.3.3 and 7.1. Unless otherwise stated these are Rel-15 requirements.
[TS 38.322, clause 5.2.2.1.1]

When submitting a UMD PDU to lower layer, the transmitting UM RLC entity shall:

-
if the UMD PDU contains a segment of an RLC SDU, set the SN of the UMD PDU to TX_Next;

-
if the UMD PDU contains a segment that maps to the last byte of an RLC SDU, then increment TX_Next by one.

[TS 38.322, clause 5.2.2.2]

The receiving UM RLC entity shall maintain a reassembly window according to state variable RX_Next_Highest as follows:

-
a SN falls within the reassembly window if (RX_Next_Highest – UM_Window_Size) <= SN <RX_Next_Highest;

-
a SN falls outside of the reassembly window otherwise.

When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:

-
either deliver the UMD PDU after removing the RLC header, discard the received UMD PDU, or place it in the reception buffer (see sub clause 5.2.2.2.2);

-
if the received UMD 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 5.2.2.2.3).

…
When an UMD PDU is received from lower layer, the receiving UM RLC entity shall:

-
if the UMD PDU header does not contain an SN:

-
remove the RLC header and deliver the RLC SDU to upper layer.

-
else if (RX_Next_Highest – UM_Window_Size) <= SN < RX_Next_Reassembly:

-
discard the received UMD PDU.

-
else:

-
place the received UMD PDU in the reception buffer.

…
When an UMD PDU with SN = x is placed in the reception buffer, the receiving UM RLC entity shall:

-
if all byte segments with SN = x are received:
-
reassemble the RLC SDU from all byte segments with SN = x, remove RLC headers and deliver the reassembled RLC SDU to upper layer;

-
if x = RX_Next_Reassembly:

-
update RX_Next_Reassembly to the SN of the first SN > current RX_Next_Reassembly that has not been reassembled and delivered to upper layer.

-
else if x falls outside of the reassembly window:

-
update RX_Next_Highest to x + 1;

-
discard any UMD PDUs with SN that falls outside of the reassembly window;

-
if RX_Next_Reassembly falls outside of the reassembly window:

-
set RX_Next_Reassembly to the SN of the first SN >= (RX_Next_Highest – UM_Window_Size) that has not been reassembled and delivered to upper layer.

[TS 38.322, clause 6.2.2.3]

An UM RLC entity is configured by RRC to use either a 6 bit SN or a 12 bit SN. An UMD PDU header contains the SN field only when the corresponding RLC SDU is segmented. 

[TS 38.322, clause 6.2.3.3]

The SN field indicates the sequence number of the corresponding RLC SDU. …. For RLC UM, the sequence number is incremented by one for every segmented RLC SDU..
[TS 38.322, clause 7.1]

All state variables and all counters are non-negative integers.

…

All state variables related to UM data transfer can take values from 0 to 63 for 6 bit SN or from 0 to 4095 for 12 bit SN. All arithmetic operations contained in the present document on state variables related to UM data transfer are affected by the UM modulus (i.e. final value = [value from arithmetic operation] modulo 64 for 6 bit SN and 4096 for 12 bit SN).

…

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.
7.1.2.2.3.3
Test description

7.1.2.2.3.3.1
Pre-test conditions

Same Pre-test conditions as in clause 7.1.2.1.2 with the exception for the UM DRB is configured according to Table 7.1.2.2.3.3.1-1.

Table 7.1.2.2.3.3.1-1: RLC parameters

	Uplink UM RLC sn-FieldLength
	size6

	Downlink UM RLC sn-FieldLength
	size6


7.1.2.2.3.3.2
Test procedure sequence

Table 7.1.2.2.3.3.2-1: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	0
	The SS stops allocating any UL grant.
	-
	-
	-
	-

	1
	The SS transmits UMD PDU#1 with 6 bit SN = 0 containing the first segment of RLC SDU#1 (SI field = 01).
	<--
	UMD PDU#1
	-
	-

	2
	The SS transmits UMD PDU#2 with 6 bit SN=0 containing the last segment of RLC SDU#1 (SI field = 10) and including SO field.
	<--
	UMD PDU#2
	-
	-

	3
	SS allocates 2 UL grants at an interval of 20 ms so as to loop back RLC SDU#1 in 2 RLC/MAC PDUs. (Note 1)
	<--
	UL Grants
	-
	-

	4
	Check: Does the UE transmit UMD PDU#1 with 6 bit SN = 0 containing the first segment of RLC SDU#1 (SI field = 01)?
	-->
	(RLC SDU#1, first segment)
	1
	P

	5
	Check: Does the UE transmit UMD PDU#2 with 6 bit SN = 0 containing the last segment of RLC SDU#1 (SI field = 10)?
	-->
	(RLC SDU#1, last segment)
	1
	P

	-
	EXCEPTION:
Steps 6 to 10 are executed 63 times, the initial value of k = 1, it is incremented by one for each iteration.
	-
	-
	-
	-

	6
	The SS transmits UMD PDU#(2*k+1) with 6 bit SN = k containing the first segment of RLC SDU#(k+1) (SI field = 01).
	<--
	UMD PDU#(2*k+1)
	-
	-

	7
	The SS transmits UMD PDU#(2*(k+1)) with 6 bit SN=k containing the last segment of RLC SDU#(k+1) (SI field = 10) 
	<--
	UMD PDU#(2*(k+1))
	-
	-

	8
	SS allocates 2 UL grants at an interval of 20 ms so as to loop back RLC SDU#(k+1) in 2 RLC/MAC PDUs. (Note 1)
	<--
	UL Grants
	-
	-

	9
	Check: Does the UE transmit UMD PDU#(2*k+1) with 6 bit SN = k containing the first segment of RLC SDU#(k+1) (SI field = 01)? (Note 2)
	-->
	(RLC SDU#(k+1), first segment)
	2
	P

	10
	Check: Does the UE transmit UMD PDU#(2*(k+1)) with 6 bit SN = k containing the last segment of RLC SDU#(k+1) (SI field = 10) and including SO field? (Note 2)
	-->
	(RLC SDU#(k+1), last segment)
	2
	P

	11
	The SS transmits UMD PDU#129 with 6 bit SN = 0 containing the first segment of RLC SDU#4 (SI field = 01).
	<--
	UMD PDU#129
	-
	-

	12
	The SS transmits UMD PDU#130 with 6 bit SN= 0 containing the last segment of RLC SDU#65 (SI field = 10) and including SO field
	<--
	UMD PDU#130
	-
	-

	13
	SS allocates 2 UL grants at an interval of 20 ms so as to loop back RLC SDU#65 in 2 RLC/MAC PDUs. (Note 1)
	<--
	UL Grants
	-
	-

	14
	Check: Does the UE transmit UMD PDU#129 with 6 bit SN = 0 containing the first segment of RLC SDU#65 (SI field = 01)?
	-->
	(RLC SDU#65, first segment)
	3.4
	P

	15
	Check: Does the UE transmit UMD PDU#130 with 6 bit SN = 0 containing the last segment of RLC SDU#65 (SI field = 10) and including SO field?
	-->
	(RLC SDU#65, last segment)
	3,4
	P

	Note 1:
The RLC SDU size shall be 12 octets which are segmented into 7 and 5 octets. With 2 octets of MAC header and 1 octet of RLC header (without SO) the first segment consists of 80 bits and a TBS of this size shall be allocated.  With 2 octets of MAC header and 3 octets of RLC header (with SO) the second segment consists of 80 bits and a TBS of this size shall be allocated. (LRBs & IMCS as per 38.523-3[3] annex B)

Note 2:
The verdict shall be provided each time (SN+1) mod 16 = 0.


7.1.2.2.3.3.3
Specific message contents

None.

7.1.2.2.4
UM RLC / 12-bit SN / Correct use of sequence numbering

7.1.2.2.4.1
Test Purpose (TP)

(1)

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

ensure that {

  when { UE transmits the first PDU which is segmented }

    then { UE includes the SN field equal to 0 in each RLC segment }

            }

(2)

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

ensure that {

  when { UE transmit subsequent segmented PDUs }

    then { UE includes the SN field incremented by 1 for each segmented PDU of one RLC SDU}

            }

(3)

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

ensure that {

  when { UE transmit segments belonging to more than 4096 SDUs }

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

            }

(4)

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

ensure that {

  when { segments of more than 4096 SDUs are sent to UE }

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

            }

7.1.2.2.4.2
Conformance requirements

References: The conformance requirements covered in the present TC are specified in: 3GPP TS 38.322, clause 5.2.2.1.1, 5.2.2.2, 6.2.2.3, 6.2.3.3 and 7.1. Unless otherwise stated these are Rel-15 requirements.
[TS 38.322, clause 5.2.2.1.1]

When submitting a UMD PDU to lower layer, the transmitting UM RLC entity shall:

-
if the UMD PDU contains a segment of an RLC SDU, set the SN of the UMD PDU to TX_Next;

-
if the UMD PDU contains a segment that maps to the last byte of an RLC SDU, then increment TX_Next by one.

[TS 38.322, clause 5.2.2.2]

The receiving UM RLC entity shall maintain a reassembly window according to state variable RX_Next_Highest as follows:

-
a SN falls within the reassembly window if (RX_Next_Highest – UM_Window_Size) <= SN <RX_Next_Highest;

-
a SN falls outside of the reassembly window otherwise.

When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:

-
either deliver the UMD PDU after removing the RLC header, discard the received UMD PDU, or place it in the reception buffer (see sub clause 5.2.2.2.2);

-
if the received UMD 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 5.2.2.2.3).

…
When an UMD PDU is received from lower layer, the receiving UM RLC entity shall:

-
if the UMD PDU header does not contain an SN:

-
remove the RLC header and deliver the RLC SDU to upper layer.

-
else if (RX_Next_Highest – UM_Window_Size) <= SN < RX_Next_Reassembly:

-
discard the received UMD PDU.

-
else:

-
place the received UMD PDU in the reception buffer.

…
When an UMD PDU with SN = x is placed in the reception buffer, the receiving UM RLC entity shall:

-
if all byte segments with SN = x are received:
-
reassemble the RLC SDU from all byte segments with SN = x, remove RLC headers and deliver the reassembled RLC SDU to upper layer;

-
if x = RX_Next_Reassembly:

-
update RX_Next_Reassembly to the SN of the first SN > current RX_Next_Reassembly that has not been reassembled and delivered to upper layer.

-
else if x falls outside of the reassembly window:

-
update RX_Next_Highest to x + 1;

-
discard any UMD PDUs with SN that falls outside of the reassembly window;

-
if RX_Next_Reassembly falls outside of the reassembly window:

-
set RX_Next_Reassembly to the SN of the first SN >= (RX_Next_Highest – UM_Window_Size) that has not been reassembled and delivered to upper layer.

[TS 38.322, clause 6.2.2.3]

An UM RLC entity is configured by RRC to use either a 6 bit SN or a 12 bit SN. An UMD PDU header contains the SN field only when the corresponding RLC SDU is segmented.
[TS 38.322, clause 6.2.3.3]

The SN field indicates the sequence number of the corresponding RLC SDU. … For RLC UM, the sequence number is incremented by one for every segmented RLC SDU.

[TS 38.322, clause 7.1]

All state variables and all counters are non-negative integers.

…

All state variables related to UM data transfer can take values from 0 to 63 for 6 bit SN or from 0 to 4095 for 12 bit SN. All arithmetic operations contained in the present document on state variables related to UM data transfer are affected by the UM modulus (i.e. final value = [value from arithmetic operation] modulo 64 for 6 bit SN and 4096 for 12 bit SN).

…

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.
7.1.2.2.4.3
Test description

7.1.2.2.4.3.1
Pre-test conditions

Same Pre-test conditions as in clause 7.1.2.1.2 with the exception for the UM DRB is configured according to Table 7.1.2.2.4.3.1-1.

Table 7.1.2.2.4.3.1-1: RLC parameters

	Uplink RLC sn-FieldLength
	size12

	Downlink RLC sn-FieldLength
	size12


7.1.2.2.4.3.2
Test procedure sequence

Table 7.1.2.2.4.3.2-1: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	The SS transmits UMD PDU#1 with 12 bit SN = 0 containing the first segment of RLC SDU#1 (SI field = 01).
	<--
	UMD PDU#1
	-
	-

	2
	The SS transmits UMD PDU#2 with 12 bit SN=0 containing the last segment of RLC SDU#1 (SI field = 10) and including SO field
	<--
	UMD PDU#2
	-
	-

	3
	SS allocates 2 UL grants at an interval of 20 ms so as to loop back RLC SDU#1 in 2 RLC/MAC PDUs. (Note 1)
	<--
	UL Grants
	-
	-

	4
	Check: Does the UE transmit UMD PDU#1 with 12 bit SN = 0 containing the first segment of RLC SDU#1 (SI field = 01)?
	-->
	(RLC SDU#1, first segment)
	1
	P

	5
	Check: Does the UE transmit UMD PDU#2 with 12 bit SN = 0 containing the last segment of RLC SDU#1 (SI field = 10)?
	-->
	(RLC SDU#1, last segment)
	1
	P

	-
	EXCEPTION:
Steps 6 to 10 are executed 4095 times, the initial value of k = 1, it is incremented by one for each iteration.
	-
	-
	-
	-

	6
	The SS transmits UMD PDU#(2*k+1) with 12 bit SN = k containing the first segment of RLC SDU#(k+1) (SI field = 01).
	<--
	UMD PDU#(2*k+1)
	-
	-

	7
	The SS transmits UMD PDU#(2*(k+1)) with 12 bit SN=k containing the last segment of RLC SDU#(k+1) (SI field = 10) 
	<--
	UMD PDU#(2*(k+1))
	-
	-

	8
	SS allocates 2 UL grants at an interval of 20 ms so as to loop back RLC SDU#(k+1) in 2 RLC/MAC PDUs. (Note 1)
	<--
	UL Grants
	-
	-

	9
	Check: Does the UE transmit UMD PDU#(2*k+1) with 12 bit SN = k containing the first segment of RLC SDU#(k+1) (SI field = 01)? (Note 2)
	-->
	(RLC SDU#(k+1), first segment)
	2
	P

	10
	Check: Does the UE transmit UMD PDU#(2*(k+1)) with 12 bit SN = k containing the last segment of RLC SDU#(k+1) (SI field = 10) and including SO field? (Note 2)
	-->
	(RLC SDU#(k+1), last segment)
	2
	P

	11
	The SS transmits UMD PDU#8193 with 12 bit SN = 0 containing the first segment of RLC SDU#4097 (SI field = 01).
	<--
	UMD PDU#8193
	-
	-

	12
	The SS transmits UMD PDU#8194 with 12 bit SN= 0 containing the last segment of RLC SDU#4097 (SI field = 10) and including SO field
	<--
	UMD PDU#8194
	-
	-

	13
	SS allocates 2 UL grants at an interval of 20 ms so as to loop back RLC SDU#4097 in 2 RLC/MAC PDUs. (Note 1)
	<--
	UL Grants
	-
	-

	14
	Check: Does the UE transmit UMD PDU#8193 with 12 bit SN = 0 containing the first segment of RLC SDU#4097 (SI field = 01)?
	-->
	(RLC SDU#4097, first segment)
	3.4
	P

	15
	Check: Does the UE transmit UMD PDU#8194 with 12 bit SN = 0 containing the last segment of RLC SDU#4097 (SI field = 10) and including SO field?
	-->
	(RLC SDU#4097, last segment)
	3,4
	P

	Note 1:
The RLC SDU size shall be 12 octets which are segmented into 7 and 5 octets. With 2 octets of MAC header and 2 octets of RLC header (without SO) the first segment consists of 88 bits and a TBS of this size shall be allocated.  With 2 octets of MAC header and 4 octets of RLC header (with SO) the second segment consists of 88 bits and a TBS of this size shall be allocated. (LRBs & IMCS as per 38.523-3[3] annex B)

Note 2:
The verdict shall be provided each time (SN+1) mod 256 = 0.


7.1.2.2.4.3.3
Specific message contents

None.

7.1.2.2.5
UM RLC / Receive Window operation and t-Reassembly expiry

7.1.2.2.5.1
Test Purpose (TP)

(1)

with { UE in RRC_CONNECTED state and using UM RLC }

ensure that {

  when { UE receives a RLC PDU including SN and does not fall in UM receive window '(RX_Next_Highest – UM_Window_Size) <= SN < RX_Next_Reassembly' }

    then { UE discards the PDU }

            }

(2)

with { UE in RRC_CONNECTED state and using UM RLC }

ensure that {

  when { UE receives a RLC PDU including SN and fall in UM receive window '(RX_Next_Highest – UM_Window_Size) <= SN < RX_Next_Reassembly' }

    then { UE stores the PDU in receive buffer }

            }

(3)

with { UE in RRC_CONNECTED state and using UM RLC }

ensure that {

  when { UE receives a RLC PDU including SN and  in UM receive window '(RX_Next_Highest – UM_Window_Size) <= SN < RX_Next_Reassembly' and all bytes of SN are received }

    then { UE delivers the reassembled SDU to upper layers and updates the RX variables and discard any stored UMD PDUs with SN that falls outside of the updated reassembly window }

            }

(4)

with { UE in RRC_CONNECTED state and using UM RLC }

ensure that {

  when { t-Reassembly expires }

    then { UE discards the corresponding PDU segments and updates RX variables }

            }

7.1.2.2.5.2
Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.322, clauses 5.2.2.2.1, 5.2.2.2.2, 5.2.2.2.3 and 5.2.2.2.4. Unless otherwise stated these are Rel-15 requirements.

[TS 38.322, clause 5.2.2.2.1]

The receiving UM RLC entity shall maintain a reassembly window according to state variable RX_Next_Highest as follows:

-
a SN falls within the reassembly window if (RX_Next_Highest – UM_Window_Size) <= SN <RX_Next_Highest;

-
a SN falls outside of the reassembly window otherwise.

When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:

-
either deliver the UMD PDU after removing the RLC header, discard the received UMD PDU, or place it in the reception buffer (see sub clause 5.2.2.2.2);

-
if the received UMD 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 5.2.2.2.3).

When t-Reassembly expires, the receiving UM RLC entity shall:

-
update state variables, discard RLC SDU segments and start t-Reassembly as needed (see sub clause 5.2.2.2.4).

[TS 38.322, clause 5.2.2.2.2]

When an UMD PDU is received from lower layer, the receiving UM RLC entity shall:

-
if the UMD PDU header does not contain an SN:

-
remove the RLC header and deliver the RLC SDU to upper layer.

-
else if (RX_Next_Highest – UM_Window_Size) <= SN < RX_Next_Reassembly:

-
discard the received UMD PDU.

-
else:

-
place the received UMD PDU in the reception buffer.

[TS 38.322, clause 5.2.2.2.3]

When an UMD PDU with SN = x is placed in the reception buffer, the receiving UM RLC entity shall:

-
if all byte segments with SN = x are received:
-
reassemble the RLC SDU from all byte segments with SN = x, remove RLC headers and deliver the reassembled RLC SDU to upper layer;

-
if x = RX_Next_Reassembly:

-
update RX_Next_Reassembly to the SN of the first SN > current RX_Next_Reassembly that has not been reassembled and delivered to upper layer.

-
else if x falls outside of the reassembly window:

-
update RX_Next_Highest to x + 1;

-
discard any UMD PDUs with SN that falls outside of the reassembly window;

-
if RX_Next_Reassembly falls outside of the reassembly window:

-
set RX_Next_Reassembly to the SN of the first SN >= (RX_Next_Highest – UM_Window_Size) that has not been reassembled and delivered to upper layer.

-
if t-Reassembly is running:

-
if RX_Timer_Trigger <= RX_Next_Reassembly; or
-
if RX_Timer_Trigger falls outside of the reassembly window and RX_Timer_Trigger is not equal to RX_Next_Highest; or

-
if RX_Next_Highest = RX_Next_Reassembly + 1 and there is no missing byte segment of the RLC SDU associated with SN = RX_Next_Reassembly before the last byte of all received segments of this RLC SDU:

-
stop and reset t-Reassembly.
-
if t-Reassembly is not running (includes the case when t-Reassembly is stopped due to actions above):

-
if RX_Next_Highest > RX_Next_Reassembly + 1; or

-
if RX_Next_Highest = RX_Next_Reassembly + 1 and there is at least one missing byte segment of the RLC SDU associated with SN = RX_Next_Reassembly before the last byte of all received segments of this RLC SDU:

-
start t-Reassembly;
-
set RX_Timer_Trigger to RX_Next_Highest.
[TS 38.322, clause 5.2.2.2.4]

When t-Reassembly expires, the receiving UM RLC entity shall:

-
update RX_Next_Reassembly to the SN of the first SN >= RX_Timer_Trigger that has not been reassembled;

-
discard all segments with SN < updated RX_Next_Reassembly;

-
if RX_Next_Highest > RX_Next_Reassembly + 1; or

-
if RX_Next_Highest = RX_Next_Reassembly + 1 and there is at least one missing byte segment of the RLC SDU associated with SN = RX_Next_Reassembly before the last byte of all received segments of this RLC SDU:

-
start t-Reassembly;

-
set RX_Timer_Trigger to RX_Next_Highest.

7.1.2.2.5.3
Test description

7.1.2.2.5.3.1
Pre-test conditions

Same Pre-test conditions as in clause 7.1.2.1.2 with the exception that the UM DRB is configured according to Table 7.1.2.2.5.3.1-1.

Table 7.1.2.2.5.3.1-1: RLC parameters

	t-Reassembly
	ms200

	Uplink UM RLC sn-FieldLength
	IF (pc_Um_WithShortSN ) size6

ELSE size12

	Downlink UM RLC sn-FieldLength
	F (pc_Um_WithShortSN ) size6

ELSE size12


7.1.2.2.5.3.2
Test procedure sequence

Table 7.1.2.2.5.3.2-1: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	The SS transmits UMD PDU#1 containing first segment of RLC SDU#1, SN=0.
	<--
	UMD PDU#1
	-
	-

	2
	The SS transmits UMD PDU#3 containing first segment of RLC SDU#2, SN=1.
	<--
	UMD PDU#3
	-
	-

	3
	The SS transmits UMD PDU#4 containing last segment of RLC SDU#2, SN=1.
	<--
	UMD PDU#4
	-
	-

	4
	Check: Does the UE transmit RLC SDU#2?
	-->
	(RLC SDU#2)
	2,3
	P

	5
	The SS transmits UMD PDU#2 last segment of RLC SDU#1, SN=0.
	<--
	UMD PDU#2
	-
	-

	6
	Check: For 1 sec after step 6, does the UE transmit RLC SDU#1, SN=0?
	-->
	(RLC SDU#1)
	1
	F

	7
	The SS transmits UMD PDU#5 containing first segment of RLC SDU#3, SN=5.
	<--
	UMD PDU#5
	-
	-

	8
	Wait for 200 ms to ensure that t- Reassembly for the UMD PDU#5 expires.
	-
	-
	-
	-

	9
	The SS transmits UMD PDU#6 containing last segment of RLC SDU#3. SN=5.
	<--
	UMD PDU#6
	-
	-

	10
	Check: For 1 sec after step 6, does the UE transmit RLC SDU#3?
	-->
	(RLC SDU#3)
	4
	F

	11
	The SS transmits UMD PDU#7 containing first segment of RLC SDU#4, SN=8.
	<--
	UMD PDU#7
	-
	-

	12
	The SS transmits UMD PDU#8 containing last segment of RLC SDU#4, SN=8.
	<--
	UMD PDU#8
	-
	-

	13
	Check: Does the UE transmit RLC SDU#4?
	-->
	(RLC SDU#4)
	2,3
	P

	Note 1:
For SN size = size6 the RLC SDU size shall be 12 octets which are segmented into 7 and 5 octets. With 2 octets of MAC header and 1 octet of RLC header (without SO) the first segment consists of 80 bits and a TBS of this size shall be allocated.  With 2 octets of MAC header and 3 octets of RLC header (with SO) the second segment consists of 80 bits and a TBS of this size shall be allocated. (LRBs & IMCS as per 38.523-3[3] annex B)

Note 2:
For SN size = size12 the RLC SDU size shall be 12 octets which are segmented into 7 and 5 octets. With 2 octets of MAC header and 2 octets of RLC header (without SO) the first segment consists of 88 bits and a TBS of this size shall be allocated.  With 2 octets of MAC header and 4 octets of RLC header (with SO) the second segment consists of 88 bits and a TBS of this size shall be allocated. (LRBs & IMCS as per 38.523-3[3] annex B)


7.1.2.2.5.3.3
Specific message contents

None

7.1.2.2.6
UM RLC / RLC re-establishment procedure

7.1.2.2.6.1
Test Purpose (TP)

(1)

with { UE in RRC_CONNECTED state and using UM RLC }

ensure that {

  when { RLC re-establishment is performed upon request by RRC }

    then { The UE discards all UMD PDUs where no RLC SDUs can be reassembled }

            }

(2)

with { UE in RRC_CONNECTED state and using UM RLC }

ensure that {

  when { RLC re-establishment is performed upon request by RRC }

    then { The UE resets variables TX_Next, RX_Next_Reassembly, and RX_Next_Highest to their initial value of 0 }

            }

7.1.2.2.6.2
Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.322, clauses 5.1.2 and 7.1, TS 38.331 clause 5.3.5.5.4. Unless otherwise stated these are Rel-15 requirements.

[TS 38.322, clause 5.1.2]

When upper layers request an RLC entity re-establishment, the UE shall:
-
discard all RLC SDUs, RLC SDU segments, and RLC PDUs, if any;

-
stop and reset all timers;

-
reset all state variables to their initial values.

[TS 38.322, clause 7.1]

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.
[TS 38.331, clause 5.3.5.5.4]

For each RLC-Bearer-Config received in the rlc-BearerToAddModList IE the UE shall:
1>
if the UE’s current configuration contains a RLC bearer with the received logicalChannelIdentity:

2>
if reestablishRLC is received:

3>
re-establish the RLC entity as specified in TS 38.322 [4];

2>
reconfigure the RLC entity or entities in accordance with the received rlc-Config;

2>
reconfigure the logical channel in accordance with the received mac-LogicalChannelConfig;

NOTE:
The network does not re-associate an already configured logical channel with another radio bearer. Hence servedRadioBearer is not present in this case.

7.1.2.2.6.3
Test description

7.1.2.2.6.3.1
Pre-test conditions

Same Pre-test conditions as in clause 7.1.2.1.2 with the exception that the UM DRB is configured according to Table 7.1.2.2.6.3.1-1.

Table 7.1.2.2.6.3.1-1: RLC parameters

	t-Reassembly
	ms200

	Uplink UM RLC sn-FieldLength
	IF (pc_Um_WithShortSN ) size6

ELSE size12

	Downlink UM RLC sn-FieldLength
	IF (pc_Um_WithShortSN ) size6

ELSE size12


7.1.2.2.6.3.2
Test procedure sequence

Table 7.1.2.2.6.3.2-1: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	The SS transmits UMD PDU#1. Header of UMD PDU#1 does not contain an SN. This PDU carries RLC SDU#1.
	<--
	UMD PDU#1
	-
	-

	2
	The UE transmits RLC SDU#1.
	-->
	(RLC SDU#1)
	-
	-

	3
	The SS transmits UMD PDU#2. Header of UMD PDU#2 contains SN=0. This PDU carries the first segment of SDU#2.
	<--
	UMD PDU#2
	-
	-

	4
	The SS performs a RRCReconfiguration procedure including the secondaryCellGroup containing CellGroupConfig IE, including rlc-BearerToAddModList containing RLC-Bearer-Config for DRB with reestablishRLC set as true triggering RLC re-establishment.
	-
	-
	-
	-

	5
	The SS transmits UMD PDU#3. Header of UMD PDU#3 contains SN=0. This PDU carries the last segment of RLC SDU#2. The UE starts t-Reassembly.
	<--
	UMD PDU#3
	-
	-

	6
	Check: For 250 ms does the UE transmit RLC SDU#2?
	-->
	(RLC SDU#2)
	1
	F

	6A
	The SS stops allocating any UL grant.
	
	
	
	

	7
	300 ms (1.5 * t- Reassembly) after step 5 the SS transmits UMD PDU#4. This PDU carries the first segment of RLC SDU#3.SN=1.
	<--
	UMD PDU#4
	-
	-

	8
	The SS transmits UMD PDU#5. This PDU carries the second and last segment of RLC SDU#3.SN=1.
	<--
	UMD PDU#5
	-
	-

	8A
	SS allocates 2 UL grants at an interval of 20 ms so as to loop back RLC SDU#3 in 2 RLC/MAC PDUs. Note 1 & 2
	-
	-
	-
	-

	9
	Check: Does the UE transmit first segment of RLC SDU#3? Header of UMD PDU contains SN=0. 
	-->
	(RLC SDU#3 first segment)
	2
	P

	10
	Check: Does the UE transmit second and last  segment of RLC SDU#3? Header of UMD PDU contains SN=0.
	-->
	(RLC SDU#3 last segment)
	2
	P

	11
	The SS performs a RRCReconfiguration procedure including the secondaryCellGroup containing CellGroupConfig IE, including rlc-BearerToAddModList containing RLC-Bearer-Config for DRB with reestablishRLC set as true triggering RLC re-establishment.
	-
	-
	-
	-

	12
	The SS transmits UMD PDU#6. Header of UMD PDU#6 contains SN=0. This PDU carries the first segment of SDU#4.
	<--
	UMD PDU#6
	-
	-

	13
	The SS transmits UMD PDU#7. Header of UMD PDU#6 contains SN=0. This PDU carries the second segment of SDU#4.
	<--
	UMD PDU#7
	-
	-

	13A
	SS allocates 2 UL grants at an interval of 20 ms so as to loop back RLC SDU#4 in 2 RLC/MAC PDUs. Note 1 & 2
	-
	-
	-
	-

	14
	Check: Does the UE transmit first segment of RLC SDU#4? Header of UMD PDU contains SN=0. 
	-->
	(RLC SDU#4 first segment)
	2
	P

	15
	Check: Does the UE transmit second and last segment of RLC SDU#4? Header of UMD PDU contains SN=0.
	-->
	(RLC SDU#4 last segment)
	2
	P

	Note 1:
For SN size = size6 the RLC SDU size shall be 12 octets which are segmented into 7 and 5 octets. With 2 octets of MAC header and 1 octet of RLC header (without SO) the first segment consists of 80 bits and a TBS of this size shall be allocated.  With 2 octets of MAC header and 3 octets of RLC header (with SO) the second segment consists of 80 bits and a TBS of this size shall be allocated. (LRBs & IMCS as per 38.523-3[3] annex B)

Note 2:
For SN size = size12 the RLC SDU size shall be 12 octets which are segmented into 7 and 5 octets. With 2 octets of MAC header and 2 octets of RLC header (without SO) the first segment consists of 88 bits and a TBS of this size shall be allocated.  With 2 octets of MAC header and 4 octets of RLC header (with SO) the second segment consists of 88 bits and a TBS of this size shall be allocated. (LRBs & IMCS as per 38.523-3[3] annex B)


7.1.2.2.6.3.3
Specific message contents

Table 7.1.2.2.6.3.3-1: RLC-Bearer-Config (steps 4, 11, Table 7.1.2.2.6.3.2-1)

	Derivation Path: 38.508-1 [4], Table 4.6.3-110

	Information Element
	Value/remark
	Comment
	Condition

	RLC-Bearer-Config ::= SEQUENCE {
	
	
	

	  logicalChannelIdentity
	Set to LCID of the DRB under test
	
	

	  servedRadioBearer
	Not present
	
	

	  reestablishRLC
	true
	
	

	  rlc-Config
	Not present
	
	

	  mac-LogicalChannelConfig
	Not present
	
	

	}
	
	
	


