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7.1.3.1
Maintenance of PDCP sequence numbers for radio bearers

7.1.3.1.1
Maintenance of PDCP sequence numbers / User plane / 12 bit SN

7.1.3.1.1.1
Test Purpose (TP)

(1)

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

ensure that {

  when { UE transmits a PDCP Data SDU on a DRB }

    then { UE increments SN with 1 for each transmitted PDU for SN=0 to Maximum_PDCP_SN (2[pdcp-SN-Size] -1) }

            }

(2)

with { UE in E-UTRA RRC_CONNECTED state with PDCP configured for 12 bit SN }

ensure that {

  when { UE transmits a PDCP Data SDU on a DRB and, after incrementation, TX_NEXT is larger than the Maximum_PDCP_SN(2[pdcp-SN-Size] -1) }

    then { UE sets SN to 0 in the next transmitted PDCP SDU}

            }

7.1.3.1.1.2
Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.323, clauses 5.2.1, 5.2.2.1 and 6.2.2.2. Unless otherwise stated these are Rel-15 requirements.

[TS 38.323, clause 5.2.1]

At reception of a PDCP SDU from upper layers, the transmitting PDCP entity shall:

-
start the discardTimer associated with this PDCP SDU (if configured).

For a PDCP SDU received from upper layers, the transmitting PDCP entity shall:

-
associate the COUNT value corresponding to TX_NEXT to this PDCP SDU;

NOTE 1:
Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.

-
perform header compression of the PDCP SDU as specified in the subclause 5.7.4;

-
perform integrity protection, and ciphering using the TX_NEXT as specified in the subclause 5.9 and 5.8, respectively;

-
set the PDCP SN of the PDCP Data PDU to TX_NEXT modulo 2[pdcp-SN-Size];

-
increment TX_NEXT by one;

-
submit the resulting PDCP Data PDU to lower layer as specified below.

When submitting a PDCP Data PDU to lower layer, the transmitting PDCP entity shall:

-
if the transmitting PDCP entity is associated with one RLC entity:

-
submit the PDCP Data PDU to the associated RLC entity.

-
else, if the transmitting PDCP entity is associated with two RLC entities:

-
if pdcpDuplication is configured and activated:

-
duplicate the PDCP Data PDU and submit the PDCP Data PDU to both associated RLC entities.

-
else, if pdcpDuplication is configured but not activated:

-
submit the PDCP Data PDU to the primary RLC entity.

-
else:

-
if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 36.322 [5]) in the two associated RLC entities is less than ul-DataSplitThreshold:

-
submit the PDCP Data PDU to the primary RLC entity.

-
else:

-
submit the PDCP Data PDU to either the primary RLC entity or the secondary RLC entity.

NOTE 2:
If the transmitting PDCP entity is associated with two RLC entities, the UE should minimize the amount of PDCP PDUs submitted to lower layers before receiving request from lower layers and minimize the PDCP SN gap between PDCP PDUs submitted to two associated RLC entities to minimize PDCP reordering delay in the receiving PDCP entity.

[TS 38.323, clause 5.2.2.1]

In this section, following definitions are used:

-
HFN(State Variable): the HFN part (i.e. the number of most significant bits equal to HFN length) of the State Variable;

-
SN(State Variable): the SN part (i.e. the number of least significant bits equal to PDCP SN length) of the State Variable;

-
RCVD_SN: the PDCP SN of the received PDCP Data PDU, included in the PDU header;

-
RCVD_HFN: the HFN of the received PDCP Data PDU, calculated by the receiving PDCP entity;

-
RCVD_COUNT: the COUNT of the received PDCP Data PDU = [RCVD_HFN, RCVD_SN]

At reception of a PDCP Data PDU from lower layers, the receiving PDCP entity shall determine the COUNT value of the received PDCP Data PDU, i.e. RCVD_COUNT, as follows:

-
if RCVD_SN < SN(RX_DELIV) – Window_Size:
-
RCVD_HFN = HFN(RX_DELIV) + 1.

-
else if RCVD_SN >= SN(RX_DELIV) + Window_Size:

-
RCVD_HFN = HFN(RX_DELIV) – 1.

-
else:

-
RCVD_HFN = HFN(RX_DELIV);
-
RCVD_COUNT = [RCVD_HFN, RCVD_SN].

After determining the COUNT value of the received PDCP Data PDU = RCVD_COUNT, the receiving PDCP entity shall:

-
if RCVD_COUNT < RX_DELIV; or

-
if the PDCP Data PDU with COUNT = RCVD_COUNT has been received before:

-
perform deciphering and integrity verification of the PDCP Data PDU using COUNT = RCVD_COUNT;

-
if integrity verification fails:

-
indicate the integrity verification failure to upper layer;

-
discard the PDCP Data PDU.

-
else:

-
perform deciphering and integrity verification of the PDCP Data PDU using COUNT = RCVD_COUNT;

-
if integrity verification fails:

-
indicate the integrity verification failure to upper layer;

-
discard the PDCP Data PDU.

If the received PDCP Data PDU with COUNT value = RCVD_COUNT is not discarded above, the receiving PDCP entity shall:

-
store the resulting PDCP SDU in the reception buffer;

-
if RCVD_COUNT >= RX_NEXT:

-
update RX_NEXT to RCVD_COUNT + 1.

-
if outOfOrderDelivery is configured:

-
deliver the resulting PDCP SDU to upper layers.

-
if RCVD_COUNT = RX_DELIV:

-
deliver to upper layers in ascending order of the associated COUNT value after performing header decompression, if not decompressed before;

-
all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from COUNT = RX_DELIV;

-
update RX_DELIV to the COUNT value of the first PDCP SDU which has not been delivered to upper layers, with COUNT value > RX_DELIV;

-
if t-Reordering is running, and if RX_DELIV >= RX_REORD:

-
stop and reset t-Reordering.

-
if t-Reordering is not running (includes the case when t-Reordering is stopped due to actions above), and RX_DELIV < RX_NEXT:

-
update RX_REORD to RX_NEXT;

-
start t-Reordering.

[TS 38.322, clause 6.2.2.2]

Figure 6.2.2.2-1 shows the format of the PDCP Data PDU with 12 bits PDCP SN. This format is applicable for UM DRBs and AM DRBs.
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Figure 6.2.2.2-1: PDCP Data PDU format with 12 bits PDCP SN

7.1.3.1.1.3
Test description

7.1.3.1.1.3.1
Pre-test conditions

Same Pre-test conditions as in clause 7.1.3.0 exception of PDCP parameters according to Table 7.1.3.1.1.3.1-1.

Table 7.1.3.1.1.3.1-1: PDCP parameters

	PDCP-Config pdcp-SN-SizeUL
	len12bits

	PDCP-Config pdcp-SN-SizeDL
	len12bits


7.1.3.1.1.3.2
Test procedure sequence

Table 7.1.3.1.1.3.2-1: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	-
	EXCEPTION: Steps 1 and 2 shall be repeated for k=0 to Maximum_PDCP_SN (increment=1).
	-
	-
	-
	-

	1
	SS transmits a PDCP Data PDU containing one PDCP SDU without header compression.
	<--
	PDCP Data PDU (SN = k)
	-
	-

	2
	CHECK: Does UE transmit a PDCP Data PDU with SN=0 for the first iteration and then incremented by 1 at each iteration?
(Note 2)
	-->
	PDCP Data PDU (SN = k)
	1
	P

	3
	SS transmits a PDCP Data PDU containing one PDCP SDU without header compression.
	<--
	PDCP Data PDU (SN = 0)
	-
	-

	4
	CHECK: Does UE transmit a PDCP Data PDU with SN=0?
	-->
	PDCP Data PDU (SN = 0)
	2
	P

	5
	SS sends a PDCP Data PDU containing one PDCP SDU without header compression.
	<--
	PDCP Data PDU (SN = 1)
	-
	-

	6
	CHECK: Does UE transmit a PDCP Data PDU with SN=1?
	-->
	PDCP Data PDU (SN = 1)
	1
	P

	Note 1:
Maximum_PDCP_SN = 2[pdcp-SN-Size] -1.
Note 2:
The verdict shall be provided each time [(SN+1) mod 256 = 0] respectively [(SN+1)  mod 4096 = 0], if SN size is len12bits respectively len18bits.


7.1.3.1.1.3.3
Specific message contents

None.

7.1.3.1.2
Maintenance of PDCP sequence numbers / User plane / 18 bit SN

7.1.3.1.2.1
Test Purpose (TP)

(1)

with { UE in RRC_CONNECTED state with PDCP configured for 18 bit SN}

ensure that {

  when { UE transmits a PDCP Data SDU on a DRB }

    then { UE increments SN with 1 for each transmitted PDU for SN=0 to Maximum_PDCP_SN (2[pdcp-SN-Size] -1) }

            }

(2)

with { UE in E-UTRA RRC_CONNECTED state with PDCP configured for 18 bit SN }

ensure that {

  when { UE transmits a PDCP Data SDU on a DRB and, after incrementation, TX_Next is larger than the Maximum_PDCP_SN (2[pdcp-SN-Size] -1) }

    then { UE sets SN to 0 in the next transmitted PDCP SDU}

            }

7.1.3.1.2.2
Conformance requirements

Same as conformance requirements in clause 7.1.3.1.1.2

7.1.3.1.2.3
Test description

7.1.3.1.2.3.1
Pre-test conditions

Same Pre-test conditions as in clause 7.1.3.0  exception of PDCP parameters according to Table 7.1.3.1.2.3.1-1.

Table 7.1.3.1.2.3.1-1: PDCP parameters

	PDCP-Config pdcp-SN-SizeUL
	len18bits

	PDCP-Config pdcp-SN-SizeDL
	len18bits


7.1.3.1.2.3.2
Test procedure sequence

Same as test procedure in clause 7.1.3.1.1.3.2

7.1.3.1.2.3.3
Specific message contents

None.
