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7.1.5a.4
MAC-ehs reordering and stall avoidance

7.1.5a.4.1
Definition and applicability

All UEs which support MAC-ehs.

7.1.5a.4.2
Conformance requirement

The SI field indicates if the MAC-ehs SDU has been segmented. Table 9.2.2-1 shows the 2 bit SI field
a) Table 9.2.2-1: Structure of the SI field

	SI Field
	Segmentation indication

	00
	The first reordering SDU of the reordering PDU is a completeMAC-ehs SDU.

The last reordering SDU of the reordering PDU is a complete MAC-ehs SDU.

	01
	If there are more than one reordering SDUs in the reordering PDU, the last reordering SDU of the reordering PDU is a complete MAC-ehs SDU. 

The first reordering SDU of the reordering PDU is the last segment of a MAC-ehs SDU.

	10
	If there are more than one reordering SDUs in the reordering PDU, the first reordering SDU of the reordering PDU is a complete MAC-ehs SDU.

The last reordering SDU of the reordering PDU is the first segment of a MAC-ehs SDU.

	11
	If there are more than one reordering SDUs in the reordering PDU, the first reordering SDU of the reordering PDU is the last segment of a MAC-ehs SDU and the last reordering SDU of reordering PDU is the first segment of a MAC-ehs SDU.
If there is only one reordering SDU in the reordering PDU, the reordering SDU is a middle segment of a MAC-ehs SDU.


[…]

When a reordering PDU with TSN = SN is received:

-
if SN is within the receiver window:

-
if SN < next_expected_TSN, or this reordering PDU has previously been received:

-
the reordering PDU shall be discarded;
-
else:

-
the reordering PDU shall be placed in the reordering buffer at the place indicated by the TSN.

-
if SN is outside the receiver window:

-
the received reordering PDU shall be placed above the highest received TSN in the reordering buffer, at the position indicated by SN;

-
RcvWindow_UpperEdge shall be set to SN thus advancing the receiver window;

-
any reordering PDU with TSN ( RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE, i.e. outside the receiver window after its position is updated, shall be removed from the reordering buffer and be delivered to the reassembly entity;
-
if next_expected_TSN is below the updated receiver window:

-
next_expected_TSN shall be set to RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE + 1; 

-
if the reordering PDU with TSN = next_expected_TSN is stored in the reordering buffer:
-
all received reordering PDUs with consecutive TSNs from next_expected_TSN (included) up to the first not received reordering PDU shall be delivered to the reassembly entity;
-
next_expected_TSN shall be advanced to the TSN of this first not received reordering PDU.
[...]

If no timer T1 is active:

-
the timer T1 shall be started when a reordering PDU with TSN > next_expected_TSN is correctly received. 
-
T1_TSN shall be set to the TSN of this reordering PDU.
If a timer T1 is already active:

-
no additional timer shall be started, i.e. only one timer T1 may be active at a given time.

The timer T1 shall be stopped if:

-
the reordering PDU with TSN = T1_TSN can be delivered to the reassembly entity before the timer expires.

When the timer T1expires and T1_TSN > next_expected_TSN:

-
all correctly received reordering PDUs with TSN > next_expected_TSN up to and including T1_TSN-1 shall be delivered to the reassembly entity;

-
all correctly received reordering PDUs up to the next not received reordering PDU shall be delivered to the reassembly entity.
-
next_expected_TSN shall be set to the TSN of the next not received reordering PDU.
When the timer T1 is stopped or expires, and there still exist some received reordering PDUs that can not be delivered to higher layer:

-
timer T1 is started
-
set T1_TSN to the highest TSN among those of the reordering PDUs that can not be delivered.

[...]

The reassembly unit processes the SI field associated with a reordering PDU. The UE shall:

-
if SI field is set to “00”:

-
deliver all MAC-d or MAC-c PDUs corresponding to MAC-ehs SDUs in the reordering PDU to demultiplexing entity;
-
discard any previously stored segment of MAC-ehs SDU.
-
if SI field is set to “01”:

-
if the received and stored segments of a MAC-ehs SDU are consecutive:

-
combine the first reordering SDU with the stored segment of MAC-ehs SDU;

-
deliver the MAC-d or MAC-c PDU corresponding to the combined MAC-ehs SDU to demultiplexing entity.

- 
if the received and stored segments of MAC-ehs SDU are not consecutive

- 
discard the first received reordering SDU and the stored segment of MAC-ehs SDU.

-
deliver all MAC-d or MAC-c PDUs corresponding to subsequent MAC-ehs SDUs in the reordering queue to demultiplexing entity;

-
if SI field is set to “10”:

-
deliver all MAC-d or MAC-c PDUs corresponding to all but last reordering SDU in the reordering PDU to the demultiplexing entity;

-
discard any previously stored segment of MAC-ehs SDU and store the last reordering SDU of the received reordering PDU

-
if SI field is set to “11”:

-
if the received and stored MAC-ehs SDUs are consecutive:

-
if there is only one reordering SDU in the reordering PDU:

- 
combine the received reordering SDU with the stored segment of MAC-ehs SDU:

-
if is more than one reordering SDUs in the reordering PDU:

-
combine the first received reordering SDU with the stored segment MAC-ehs SDU;

- 
deliver the MAC-d or MAC-c PDU corresponding to the combined MAC-ehs SDU to demultiplexing entity.

-
deliver all MAC-d or MAC-c PDUs corresponding to all but last reordering SDU in the reordering PDU to demultiplexing entity;

-
discard any previously stored segment of MAC-ehs SDU and store the last reordering SDU of the received reordering PDU.

-
if the received and stored segments of the MAC-ehs SDU are not consecutive:

-
discard the first received reordering SDU and the stored segment of MAC-ehs SDU;

-
if is more than one reordering SDUs in the reordering PDU:

-
deliver all MAC-d or MAC-c PDUs corresponding to all but first and last reordering SDUs in the reordering PDU to demultiplexing entity and store the last reordering SDU of the received reordering PDU.

Reference(s)

TS 25.321 clauses 9.2.2, 11.6.4.5.2 and 11.6.4.6

7.1.5a.4.3
Test purpose

1.
To confirm that the UE performs MAC-ehs reordering and delivers RLC PDUs in order to RLC.

2.
To confirm that the UE performs stall avoidance in case of missing MAC-ehs PDUs based on a) window based stall avoidance and b) timer based stall avoidance.

3.
To confirm that the UE correctly discards partial MAC-ehs SDU segments in case of missing MAC-ehs PDUs.

7.1.5a.4.4
Method of test
Initial conditions

System Simulator:


1 cell, default parameters, Ciphering Off.

User Equipment:


The SS establishes the reference radio bearer configuration 1 x Interactive or background / UL: 8 kbps DL: [max bit rate depending on UE category] / UM PS RAB as specified in TS 34.108, clause 6.11.4f.2. The following parameters are specific for this test case:

	Parameter
	Value

	MAC-ehs receiver window size
	32

	MAC-ehs reordering timer T1
	400 ms


DL MAC header type is set as MAC-ehs.

The radio bearer is placed into UE test loop mode 1 with the UL SDU size set to 39 octets.


Let T be the value of MAC-ehs reordering timer T1 parameter. 

Test procedure

In this test procedure each DL RLC PDU consists of one RLC SDU of size 39 octets, special LI and one length indicator indicating the end of the SDU.

a)
The SS transmits a MAC-ehs PDU with TSN = 0, SI = 00 and containing a full MAC-ehs SDU carrying RLC PDU with SN = 0

b)
The SS checks that the RLC PDU corresponding to DL  SN = 0 is looped back

c)
The SS transmits a MAC-ehs PDU with TSN = 1, SI = 00 and containing a full MAC-ehs SDU carrying RLC PDU with SN = 1

d)
The SS checks that the RLC PDU corresponding to DL   SN = 1 is looped back

e)
The SS repeats the transmission of the MAC-ehs PDUs in steps a) and c) with identical content except that the RLC PDUs have SN = 2 and 3

f)
The SS checks that no data is looped back (the data is discarded in the UE)

g)
The SS transmits a MAC-ehs PDU with TSN = 3, SI = 10 and containing a full MAC-ehs SDU carrying RLC PDU with SN = 3 as well as the start segment of a MAC-ehs SDU carrying RLC PDU with SN = 4

h)
The SS waits 400 ms and checks that no data is looped back. 
i)
The SS transmits a MAC-ehs PDU with TSN = 2, SI = 00 and containing a full MAC-ehs SDU carrying an RLC PDU with SN=2

j)
The SS checks that the RLC PDUs corresponding to DL  SN = 2 and 3 are looped back

k)
The SS transmits a MAC-ehs PDU with TSN = 6, SI = 00 and containing a full MAC-ehs SDU carrying an RLC PDU with SN = 5

l)
The SS transmits a MAC-ehs PDU with TSN = 7, SI = 00 and containing a full MAC-ehs SDU carrying an RLC PDU with SN = 6

m)
The SS transmits a MAC-ehs PDU with TSN = 38, SI = 01 and containing the end segment of a MAC-ehs SDU carrying an RLC PDU with SN=7, as well as a full MAC-ehs SDU carrying an RLC PDU with SN = 8

n)
The SS checks that the RLC PDUs corresponding to DL  SN = 5 and 6 are looped back but the RLC PDUs corresponding to DL  SN = 4, 7 and 8 are not looped back

o)
The SS waits 400 ms and checks that the RLC PDU corresponding to DL  SN = 8 is looped back after this time, but that the RLC PDUs with SN = 4 and 7 are not looped back

Expected sequence

	Step
	Direction
	Message
	Comments

	
	UE
	SS
	
	

	1
	(
	MAC-ehs PDU with TSN = 0 and SI = 00, containing a full MAC-ehs SDU carrying RLC PDU with  SN = 0
	

	2
	(
	RLC PDU corresponding to DL  SN 0
	

	3
	(
	MAC-ehs PDU with TSN = 1 and SI = 00, containing a full MAC-ehs SDU carrying RLC PDU with  SN = 1
	

	4
	(
	RLC PDU corresponding to DL  SN 1
	

	5
	(
	MAC-ehs PDU with TSN = 0 and SI = 00, containing a full MAC-ehs SDU carrying RLC PDU with  SN = 2
	The duplicated data is discarded in the UE

	6
	(
	MAC-ehs PDU with TSN = 1 and SI = 00, containing a full MAC-ehs SDU carrying RLC PDU with  SN = 3
	The duplicated data is discarded in the UE

	7
	(
	MAC-ehs PDU with TSN = 3 and SI = 10, containing a full MAC-ehs SDU carrying RLC PDU with  SN = 3 and the start segment of a MAC-ehs SDU carrying RLC PDU with SN = 4
	

	8
	
	SS waits T ms and checks that no data is looped back.
	The waiting time may need to be adjusted to assure that T1 has not expired in the UE

	9
	(
	MAC-ehs PDU with TSN = 2 and SI = 00, containing a full MAC-ehs SDU carrying RLC PDU with  SN = 2
	

	10
	(
	RLC PDUs corresponding to DL  SN 2,3
	

	11
	(
	MAC-ehs PDU with TSN = 6 and SI = 00, containing a full MAC-ehs SDU carrying RLC PDU with  SN = 5
	

	12
	(
	MAC-ehs PDU with TSN = 7 and SI = 00, containing a full MAC-ehs SDU carrying RLC PDU with  SN = 6
	

	13
	(
	MAC-ehs PDU with TSN = 38 and SI = 01, containing the end segment of a MAC-ehs SDU carrying RLC PDU with SN = 7 and a full MAC-ehs SDU carrying RLC PDU with  SN = 8
	SS need to transmit this PDU before timer T1 in UE expires (400 ms after reception of MAC-ehs PDU with TSN=6). Note: TA

	14
	(
	RLC PDUs corresponding to DL  SN 5,6
	The RLC PDUs corresponding to DL  SN = 5,6 are looped back after reception of the MAC-ehs PDU in step 13, i.e. before timer T1 expires

	15
	
	SS waits T ms and checks that the RLC PDUs corresponding to DL  SN = 4, 7 and 8 are not looped back during this time
	

	16
	(
	RLC PDU corresponding to DL  SN 8
	The RLC PDU corresponding to DL SN = 8 is looped back after expiry of T1.

Note: TB

	NOTE 1: 
The RLC SN in step 5,6 is increased since otherwise the data would be discarded by RLC even if the MAC-ehs reordering does not work correctly. SInce the data is discarded the same RLC SN can be reused later in the test sequence.

NOTE 2: 
Void
NOTE3: 
In step 13, the timer T1 is restarted in the UE since the PDU with TSN = 38 cannot be delivered to higher layers.

NOTE 4: 
General timer tolerance as defined by 34.108 sub-clause 4.2.3 applies.


Specific Message Contents

None

7.1.5a.4.5
Test requirements

1.
After step 1, the RLC PDU corresponding to DL  SN = 0 shall be looped back

2.
After step 3, the RLC PDU corresponding to DL  SN = 1 shall be looped back

3.
After steps 5 and 6, no data shall be looped back

4.
After step 7, no data shall be looped back
5.
After step 9, the RLC PDUs corresponding to DL  SN = 2 and 3 shall be looped back

6.
After step 13, the RLC PDUs corresponding to DL  SN = 5 and 6 shall be looped back

7.
In step 16, the RLC PDU corresponding to DL  SN = 8 shall be looped back and TB –TA shall be equal to T ms
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