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7.1.2.3.9
AM RLC / Reassembling of AMD PDUs

7.1.2.3.9.1
Test Purpose (TP)

(1)

with { UE in RRC_CONNECTED state }

ensure that {

  when { UE receives AMD PDUs，and all bytes of the RLC SDU(s) with SN = x are received }

    then { UE reassembles the RLC SDU(s) from AMD PDU(s) with SN = x }

            }

(2)

with { UE in RRC_CONNECTED state }

ensure that {

  when { t-Reassembly expires }

    then { update RX_Highest_Status to the SN of the first RLC SDU with SN >= RX_Next_Status_Trigger for which not all bytes have been received }

            }

(3)

with { UE in RRC_CONNECTED state }

ensure that {
  when { UE receives AM PDU segments }

    then { UE delivers reassembled RLC SDU to upper layer }

            }

(4)

with { UE in RRC_CONNECTED state }

ensure that {

  when { UE receives duplicate RLC AM PDU segments }

    then { UE discards duplicate RLC AMD PDU segments }

            }

(5)

with { UE in  RRC_CONNECTED state }

ensure that {

  when { UE receives RLC AMD PDU segments with segments lost }

    then { UE transmits STATUS PDU to request retransmission of missing segments }

            }

(6)

with { UE in RRC_CONNECTED state }

ensure that {

  when { UE receives overlapping RLC AMD PDU segments }

    then { UE discards duplicate RLC AMD PDU byte segments }

            }

(7)

with { UE in RRC_CONNECTED state }

ensure that {

  when { UE receives an AMD PDU with a SN gap }

    then { UE sends STATUS PDU to request retransmissions of PDUs in the SN gap}

            }

7.1.2.3.9.2
Conformance requirements

References: The conformance requirements covered in the present TC are specified in: 3GPP TS 38.322 clauses 4.2.1.3.3, 5.2.3.2.1, 5.2.3.2.2, 5.2.3.2.3, 5.2.3.2.4 and 5.3.4. Unless otherwise stated these are Rel-15 requirements.

[TS 38.322, clause 4.2.1.3.3]

When the receiving side of an AM RLC entity receives AMD PDUs, it shall:

-
detect whether or not the AMD PDUs have been received in duplication, and discard duplicated AMD PDUs;

-
detect the loss of AMD PDUs at lower layers and request retransmissions to its peer AM RLC entity;

-
reassemble RLC SDUs from the received AMD PDUs and deliver the RLC SDUs to upper layer as soon as they are available.

[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 5.2.3.2.3]

When an AMD PDU with SN = x is placed in the reception buffer, the receiving side of an AM RLC entity shall:

-
if x >= RX_Next_Highest

-
update RX_Next_Highest to x+ 1.

-
if all bytes of the RLC SDU with SN = x are received:

-
reassemble the RLC SDU from AMD PDU(s) with SN = x, remove RLC headers when doing so and deliver the reassembled RLC SDU to upper layer;

-
if x = RX_Highest_Status,

-
update RX_Highest_Status to the SN of the first RLC SDU with SN > current RX_Highest_Status for which not all bytes have been received.

-
if x = RX_Next:

-
update RX_Next to the SN of the first RLC SDU with SN > current RX_Next for which not all bytes have been received.

-
if t-Reassembly is running:

-
if RX_Next_Status_Trigger = RX_Next; or

-
if RX_Next_Status_Trigger = RX_Next + 1 and there is no missing byte segment of the SDU associated with SN = RX_Next before the last byte of all received segments of this SDU; or

-
if RX_Next_Status_Trigger falls outside of the receiving window and RX_Next_Status_Trigger is not equal to RX_Next + AM_Window_Size:

-
stop and reset t-Reassembly.

-
if t-Reassembly is not running (includes the case t-Reassembly is stopped due to actions above):

-
if RX_Next_Highest> RX_Next +1; or

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

-
start t-Reassembly;

-
set RX_Next_Status_Trigger to RX_Next_Highest.

[TS 38.322, clause 5.2.3.2.4]

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

-
update RX_Highest_Status to the SN of the first RLC SDU with SN >= RX_Next_Status_Trigger for which not all bytes have been received;

-
if RX_Next_Highest> RX_Highest_Status +1: or

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

-
start t-Reassembly;

-
set RX_Next_Status_Trigger to RX_Next_Highest.

[TS 38.322, clause 5.3.4]

An AM RLC entity sends STATUS PDUs to its peer AM RLC entity in order to provide positive and/or negative acknowledgements of RLC SDUs (or portions of them).

Triggers to initiate STATUS reporting include:

-
Polling from its peer AM RLC entity:

-
When an AMD PDU with SN = x and the P field set to "1" is received from lower layer, the receiving side of an AM RLC entity shall:

-
if the AMD PDU is to be discarded as specified in subclause 5.2.3.2.2; or

-
if x < RX_Highest_Status or x >= RX_Next + AM_Window_Size:

-
trigger a STATUS report.

-
else:

-
delay triggering the STATUS report until x < RX_Highest_Status or x >= RX_Next + AM_Window_Size.

NOTE 1:
This ensures that the RLC Status report is transmitted after HARQ reordering.

-
Detection of reception failure of an AMD PDU

-
The receiving side of an AM RLC entity shall trigger a STATUS report when t-Reassembly expires.

NOTE 2:
The expiry of t-Reassembly triggers both RX_Highest_Status to be updated and a STATUS report to be triggered, but the STATUS report shall be triggered after RX_Highest_Status is updated.

When STATUS reporting has been triggered, the receiving side of an AM RLC entity shall:

-
if t-StatusProhibit is not running:

-
at the first transmission opportunity indicated by lower layer, construct a STATUS PDU and submit it to lower layer.

-
else:

-
at the first transmission opportunity indicated by lower layer after t-StatusProhibit expires, construct a single STATUS PDU even if status reporting was triggered several times while t-StatusProhibit was running and submit it to lower layer.

When a STATUS PDU has been submitted to lower layer, the receiving side of an AM RLC entity shall:

-
start t-StatusProhibit.

When constructing a STATUS PDU, the AM RLC entity shall:

-
for the RLC SDUs with SN such that RX_Next <= SN < RX_Highest_Status that has not been completely received yet, in increasing SN order of RLC SDUs and increasing byte segment order within RLC SDUs, starting with SN = RX_Next up to the point where the resulting STATUS PDU still fits to the total size of RLC PDU(s) indicated by lower layer:

-
for an RLC SDU for which no byte segments have been received yet:

-
include in the STATUS PDU a NACK_SN which is set to the SN of the RLC SDU.

-
for a continuous sequence of byte segments of a partly received RLC SDU that have not been received yet:

-
include in the STATUS PDU a set of NACK_SN, SOstart and SOend.

-
for a continuous sequence of RLC SDUs that have not been received yet:

-
include in the STATUS PDU a set of NACK_SN and NACK range;

-
include in the STATUS PDU, if required, a pair of SOstart and SOend.

-
set the ACK_SN to the SN of the next not received RLC SDU which is not indicated as missing in the resulting STATUS PDU.
When STATUS reporting has been triggered, the receiving side of an AM RLC entity shall:

-
if t-StatusProhibit is not running:

-
at the first transmission opportunity indicated by lower layer, construct a STATUS PDU and submit it to lower layer.

-
else:

-
at the first transmission opportunity indicated by lower layer after t-StatusProhibit expires, construct a single STATUS PDU even if status reporting was triggered several times while t-StatusProhibit was running and submit it to lower layer.

When a STATUS PDU has been submitted to lower layer, the receiving side of an AM RLC entity shall:

-
start t-StatusProhibit.

When constructing a STATUS PDU, the AM RLC entity shall:

-
for the RLC SDUs with SN such that RX_Next <= SN < RX_Highest_Status that has not been completely received yet, in increasing SN order of RLC SDUs and increasing byte segment order within RLC SDUs, starting with SN = RX_Next up to the point where the resulting STATUS PDU still fits to the total size of RLC PDU(s) indicated by lower layer:

-
for an RLC SDU for which no byte segments have been received yet:

-
include in the STATUS PDU a NACK_SN which is set to the SN of the RLC SDU.

-
for a continuous sequence of byte segments of a partly received RLC SDU that have not been received yet:

-
include in the STATUS PDU a set of NACK_SN, SOstart and SOend.

-
for a continuous sequence of RLC SDUs that have not been received yet:

-
include in the STATUS PDU a set of NACK_SN and NACK range;

-
include in the STATUS PDU, if required, a pair of SOstart and SOend.

-
set the ACK_SN to the SN of the next not received RLC SDU which is not indicated as missing in the resulting STATUS PDU.
7.1.2.3.9.3
Test description

7.1.2.3.9.3.1
Pre-test conditions

Same Pre-test conditions as in clause 7.1.2.1.1 with the exception that the AM DRB is configured according to Table 7.1.2.3.9.3.1-1.

Table 7.1.2.3.9.3.1-1: RLC parameters

	Parameter
	Value

	t-Reassembly
	ms150

	t-StatusProhibit
	ms300

	t-PollRetransmit
	ms500


7.1.2.3.9.3.2
Test procedure sequence

Table 7.1.2.3.9.3.2-1: Main behaviour

	St
	Procedure
	
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message/PDU/SDU
	
	

	0
	The SS stops the UL grant transmission.
	-
	- 
	-
	-

	1
	The SS transmits AMD PDU#1 containing a complete RLC SDU#4 (89 bytes and SI field=00). (Note 4)
	<--
	AMD PDU#1 (SN=3)
	-
	-

	
	
	
	
	
	

	2
	The SS transmits AMD PDU#2 containing the last segment (44 bytes) of RLC SDU#1 (SI field=10, SO=45).
	<--
	AMD PDU#2 (SN=0)
segment 2
	-
	-

	
	
	
	
	
	

	3
	The SS transmits AMD PDU#3 containing the last segment (44 bytes) of RLC SDU#2 (SI field=10, SO=45).
	<--
	AMD PDU#3 (SN=1)
segment 2
	-
	-

	
	
	
	
	
	

	4
	The SS transmits AMD PDU#4 containing the first segment (45 bytes) of RLC SDU#2 (SI field=01).
	<--
	AMD PDU#4 (SN=1)
segment 1
	-
	-

	
	
	
	
	
	

	5
	The SS transmits AMD PDU#5 containing the first segment (45 bytes) of RLC SDU#1 (SI field =01).
	<--
	AMD PDU#5 (SN=0)
segment 1
	-
	-

	
	
	
	
	
	

	6
	The SS waits for 20 ms then SS transmits 2 uplink grants with a time spacing of 20ms. (Note 1)
	<--
	UL Grants
	-
	-

	7
	Check: Does the UE transmit an AMD PDU containing RLC SDU#1 in its data field?
	-->
	AMD PDU (RLC SDU#1)
	1,3
	P

	8
	Check: Does the UE transmit an AMD PDU containing RLC SDU#2 in its data field?
	-->
	AMD PDU (RLC SDU#2) 
	1,3
	P

	9
	Void
	
	
	
	

	9A
	110 ms after step 5 the SS starts the UL default grant transmission.
	<--
	UL Grant
	-
	-

	10
	Wait for t-reassembly of UE side to expire.

Check: Does the UE transmit an RLC STATUS PDU with NACK_SN=2 and ACK_SN=4 to correctly to inform SS of missing RLC SDU#3?
	-->
	STATUS PDU (ACK_SN=4, NACK_SN=2)
	2,7
	P

	10A
	The SS stops the UL grant transmission.
	-
	-
	-
	-

	11
	120ms after step 10  ms the SS transmits AMD PDU#6 containing the first 45 bytes of SDU#3 in its data field. SO=0 and LSF=0. No header extension part is provided.(Note 5)
	<--
	AMD PDU#6 (SN=2)

segment 1
	-
	-

	11A
	20 ms after step 11 the SS transmits AMD PDU#6 containing the first 45 bytes of SDU#3 in its data field. SO=0 and LSF=0. No header extension part is provided.
	<--
	AMD PDU#6 (SN=2)

segment 1
	-
	-

	12
	40 ms after step 11 the SS transmits AMD PDU#12 containing the last 44 bytes of SDU#3 in its data field, with the P-bit set. SO=45 and LSF=1. No header extension part is provided.
	<--
	AMD PDU#12 (SN=2, P=1)

segment 2
	-
	-

	13
	After the expiry of t-StatusProhibit timer started at step 10, the SS assigns 1 UL grant (UL grant allocation type 3) of size 80 bits. (Note 2)
	<--
	UL Grant
	-
	-

	14
	Check: Does the UE transmit a STATUS PDU with ACK_SN=4, thus acknowledging the reception of PDUs with SN=0 to SN=3, and no NACK_SN provided?
	-->
	STATUS PDU
	1,3,4
	P

	14A
	The SS waits for 40 ms to ensure UE has all the required SDUs available and then assigns 2 UL grants of 768 bits (Note 1).
	<--
	UL Grant
	-
	-

	15
	Check: Does the UE transmit RLC SDU#3?
	 -->
	(RLC SDU#3)
	1,3,4
	P

	15A
	Check: Does the UE transmit RLC SDU#4 with the P-bit set?
	- -->
	(RLC SDU#4)
	1,3,4
	P

	16
	The SS transmits a STATUS PDU.
	 <--
	STATUS PDU (ACK SN=4)
	-
	-

	17
	The SS transmits AMD PDU#7 containing the last segment (44 bytes) of RLC SDU#5 (SI field=10, SO=45).
	<--
	AMD PDU#7 (SN=4)
segment 2
	-
	-

	17A
	The SS starts the UL default grant transmission.
	<--
	UL Grant
	-
	-

	18
	Wait for t-reassembly of UE side to expire.

Check: Does the UE transmit an RLC STATUS PDU with ACK_SN=5, NACK_SN=4 with SOStart=0 and SOEnd=44?
	-->
	STATUS PDU (ACK_SN=5, NACK_SN=4 with SOStart=0 /SOEnd=44)
	2,5
	P

	18A
	The SS stops the UL grant transmission.
	-
	-
	-
	-

	19
	160ms after step 18 the SS transmits AMD PDU#8 containing the first segment (45 bytes) of RLC SDU#5 (SI field=01).
	<--
	AMD PDU#8 (SN=4, P=1)
segment 1
	-
	-

	20
	Void
	
	
	
	

	21
	Void
	
	
	
	

	21A
	After the expiry of t-StatusProhibit timer started at step 18, the SS waits for 20 ms and then assigns 1 UL grant (UL grant allocation type 3) of size 80 bits. (Note 2)
	<--
	UL Grant
	-
	-

	22
	Check: Does the UE transmit an RLC STATUS PDU with ACK_SN=5?
	-->
	STATUS PDU (ACK_SN=5)
	1,3,5
	P

	22A
	The SS waits for 100 ms then SS transmits one uplink grant. (Note 1)
	<--
	UL Grant 
	-
	-

	22B
	Check: Does the UE transmit an AMD PDU containing RLC SDU#5 in its data field with the P-bit set?
	-->
	AMD PDU (RLC SDU#5)
	1,3,5
	P

	22C
	The SS transmits a STATUS PDU
	<--
	STATUS PDU (ACK SN=5)
	
	

	23
	The SS transmits AMD PDU#9 containing the last 29 bytes of RLC SDU#6 (SI field=10, SO=60).
	<--
	AMD PDU#9 (SN=5)
segment 3
	-
	-

	23A
	The SS starts the UL default grant transmission.
	<--
	UL Grant
	-
	-

	24
	Wait for t-reassembly of UE side to expire.

Check: Does the UE transmit an RLC STATUS PDU with ACK_SN=6, NACK_SN=5 with SOStart=0 and SOEnd=59?
	-->
	STATUS PDU

(ACK_SN=6, NACK_SN=5 with SOStart=0 / SOEnd=59)
	2,5
	P

	25
	The SS transmits AMD PDU#10 containing the last 49 byte of RLC SDU#6 (SI field=10, SO=40).
	<--
	AMD PDU#10 (SN=5)

segment 2
	-
	-

	25A
	Void.
	
	
	
	

	26
	Wait for t-reassembly of UE side to expire.

Check: Does the UE transmit an RLC STATUS PDU with ACK_SN=6, NACK_SN=5 with SOStart=0 and SOEnd=39?
	-->
	STATUS PDU (ACK_SN=6, NACK_SN=5 with SOStart=0 / SOEnd=39)
	2,6
	P

	26A
	The SS stops the UL grant transmission.
	-
	-
	-
	-

	27
	160ms after step 26 the SS transmits AMD PDU#11 containing the first 40 bytes of RLC SDU#6 (SI field =01).
	<--
	AMD PDU#11 (SN=5, P=1)

segment 1
	-
	-

	28
	Void
	
	
	
	

	29
	Void
	
	
	
	

	29A
	After the expiry of t-StatusProhibit timer started at step 26, the SS assigns 1 UL grant (UL grant allocation type 3) of size 80 bits. (Note 2)
	<--
	UL Grant
	-
	-

	30
	Check: Does the UE transmit an RLC STATUS PDU with ACK_SN=6, thus acknowledging the reception of RLC SDUs with SN=0 to SN=5, and no NACK_SN provided?
	-->
	STATUS PDU (ACK_SN=6)
	1,3,6
	P

	30A
	The SS transmits one uplink grant. (Note 1)
	<--
	UL Grant
	-
	-

	30B
	Check: Does the UE transmit an AMD PDU containing RLC SDU#6 in its data field with the P-bit set?
	-->
	AMD PDU (RLC SDU#6)
	1,3,6
	P

	31
	The SS transmits a STATUS PDU.
	<--
	STATUS PDU (ACK SN=6)
	-
	-

	Note 1:
UL grant of 768 bits(LRBs & IMCS as per 38.523-3[3] annex B) is chosen to allow the UE to transmit one PDU at a time( 89 bytes RLC SDU + 3 bytes RLC Header + 2 bytes MAC Sub PDU header + 2 bytes for short BSR or padding).

Note 2:
UL grant of 88 bits (LRBs & IMCS as per 38.523-3 [3] annex B) is chosen to allow the UE to transmit a Status Report with ACK_SN(3 byte) + 2 Bytes MAC PDU subheader and (2 Bytes short BSR). 4 Bytes additional space provided to confirm UE does include resp. does not include NACK_SN and conformant UE instead will include MAC Padding.

Note 3:
UL grant of 112 bits (LRBs & IMCS as per 38.523-3[3] annex B) is chosen to allow the UE to transmit (a Status Report with ACK_SN (3 Bytes), and NACK SN (3 Bytes) +  SOstart/SOend pair (4 Bytes) + MAC PDU subheader (2 Bytes) + Short BSR (2 Bytes).

Note 4:
The PDUs in steps 1-5 are scheduled with a 20 ms time spacing. The UL grant provision in step 6 is scheduled 20 ms later That way this step sequence takes less than t-Reassembly.
Note 5:
Timing difference between step 10 to step 14 is equal to t-statusProhibit timer. UE starts SR from step 12. 120ms is chosen so that UE does not reach sr-transMax(n16) otherwise UE RACHes


7.1.2.3.9.3.3
Specific message contents

None.
