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Current Specifications (Background):  

The following functionalities are stated in current PDCP specification”

1. “The target SRNC shall send to the UE the next expected UL Receive PDCP Sequence Number. The UE shall send to the target SRNC the DL Receive PDCP Sequence Number of the next expected PDCP SDU. The successfully transmitted PDCP SDUs are thus confirmed. ”

2. “PDCP SeqNum PDUs shall be sent by the peer PDCP entities when synchronization of the PDCP SN is required. It shall only be used for radio bearers that support or are configured / reconfigured to support lossless SRNS relocation. Synchronization of PDCP SN is required after RLC reset, RB reconfiguration or reception of invalid next expected UL/DL Receive PDCP Sequence Number after relocation.

When a PDCP entity receives a PDCP SeqNum PDU, the receive PDCP sequence number (i.e. UL_Receive or DL_Receive) shall be set to the value indicated in the PDCP SeqNum PDU.

PDCP SeqNum PDUs shall not be delivered to RLC after RLC has confirmed the successful transmission of a RLC SDU that contained a numbered PDCP PDU. ”
Problems:

The information forwarded for the source SRNC to the target SRNC is not sufficient to support lossless requirement. And the synchronization procedure is not defined clearly for “invalid next expected Receive SN”.

Consider the following example: There are 20 PDCP SDUs (SDU1~SDU20) with PDCP sequence numbers 101~120 sent by UTRAN (source RNC) and unconfirmed before the SRNS relocation. In addition, PDCP SDUs, SDU21~SDU30 were not sent by the source SRNC yet before SRNS relocation.  During the SRNS relocation procedure, SDU1~SDU30 and DL_Send_SN=101 are forwarded from the source RNC to the target RNC. Thus, the target RNC will associate SDU1~SDU30 with PDCP SN 101~130, respectively. Depending on the value of DL_Receive_SN sent from UE, different cases follow:

Case 1: DL_Receive_SN=90. In this case, 90 is located before the forwarded region [101,130] and is an invalid Receive SN. The target SRNC will initiate the synchronization procedure starting from SDU1 with SN=101.

Case 2: DL_Receive_SN=121. This is a normal case.  The target SRNC will just send SDU21.

Case 3: DL_Receive_SN=130. This should be an invalid Receive SN case, because source SRNC had not sent SDU21(SN=121) to SDU29 (SN=129) yet. However, the target SRNC will not be able to detect this situation and will send SDUs starting from SDU30. SDU21~SDU29 are lost in this case.

Case 4: DL_Receive_SN=150. This is an invalid Receive SN case that can be detected by the target SRNC. The target SRNC will initiate the synchronization procedure, and either send SegNum PDUs starting from SDU1 with SN=101 (starting point of [101,130]) or from SDU31 with SN=131 (one SDU after [101, 130]). This should be clarified.

In addition, how many SegNum PDUs should be sent in the resynchronization procedure should also be clarified.

Proposal:

1. To deal with Case 3 above, the SN of the last unconfirmed PDCP SDU (Last_SN=120) is forwarded from the source SRNC to the target SRNC.

2. In Case 4 above, the target SRNC is proposed to send SeqNum PDUs starting from SDU1 with SN=101 (starting point of the unconfirmed region [101,120]) to ensure the data will not be lost.

3. When the resynchronization procedure is initiated, SeqNum PDUs are sent until one of them are confirmed.

The enclosed draft CR is based on the above proposal.
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5.4
SRNS Relocation

Lossless SRNS relocation is only applicable when RLC is in in-sequence delivery and acknowledged mode PDCP will only support lossless SRNS relocation if it is 'capable' of doing so. This is indicated by upper layers.
The PDCP layer shall, for those radio bearers that are configured to support lossless SRNS relocation:

-
support PDCP sequence numbering as specified in subclause 5.4.1.
The PDCP layer of the source SRNC shall carry out the following during lossless SRNS relocation:

-
provide unconfirmed PDCP SDUs and sequence numbers for forwarding to the target SRNC

For each radio bearer, the UL Receive PDCP Sequence Number of the next PDCP SDU expected to be received is transferred from the source to target SRNC. For each radio bearer, the source SRNC forwards to the target SRNC the downlink sent but unconfirmed and unsent PDCP SDUs. Source SRNC provides the Send PDCP sequence numbers of the first PDCP SDU and the last sent but unconfirmed PDCP SDU (if sent but unconfirmed PDCP SDU exists) to be forwarded to the target SRNC.

The target SRNC shall send to the UE the next expected UL Receive PDCP Sequence Number. The UE shall send to the target SRNC the DL Receive PDCP Sequence Number of the next expected PDCP SDU. The successfully transmitted PDCP SDUs are thus confirmed. More detailed descriptions of this procedure can be found in [4] and [7].
The reset of all compression entities, for an RB, shall be made during SRNS relocation. Header compression is still possible during relocation. Negotiated compression parameters remain valid during reset, but all state information is initialised, e.g. header compression contexts. Therefore, in header compression case, the first 'compressed' packet is a full header. For later releases of this specification, it may be considered not to reset the PDCP entity, internal protocol information, i.e. states and header compression contexts, but to forward these from the source SRNC to target SRNC. Header compression for a PDCP entity can then continue from the state that it had directly before SRNS relocation.

5.4.1
PDCP Sequence Numbering

PDCP sequence numbering is only applicable when lossless SRNS relocation is to be supported. The value of the PDCP sequence number ranges from 0 to 65535. The PDCP SN window size indicates the maximum number of PDCP PDUs that can be numbered at any given time. The PDCP SN window size is negotiated by upper layers. When the PDCP entity is setup for the first time for the PDCP user the PDCP sequence numbers are initialised to zero.
For each radio bearer:

-
a value of the UL_Send PDCP sequence number is associated with each sent PDCP-PDU in the UE. The UL_Send PDCP sequence number is set to zero for the first sent PDCP PDU. The UL_Send PDCP sequence number is incremented by one when a PDCP PDU is delivered to RLC;

-
a value of the DL_Send PDCP sequence number is associated with each sent PDCP-PDU in UTRAN. The DL_Send PDCP sequence number is set to zero for the first sent PDCP PDU. The DL_Send PDCP sequence number is incremented by one when a PDCP PDU is delivered to RLC;

-
a value of the UL_Receive PDCP sequence number is associated with each received PDCP-PDU in UTRAN. The UL_Receive PDCP sequence number is set to zero for the first received PDCP PDU. The UL_Receive PDCP sequence number is incremented by one when a PDCP Data PDU is received from RLC or is incremented by one for each discarded RLC SDU, as indicated by the RLC SDU Discard function [5];
-
 value of the DL_Receive PDCP sequence number is associated with each received PDCP-PDU in the UE. The DL_Receive PDCP sequence number is set to zero for the first received PDCP PDU. The DL_Receive PDCP sequence number is incremented by one when a PDCP Data PDU is received from RLC or is incremented by one for each discarded RLC SDU, as indicated by the RLC SDU Discard function [5].

PDCP sequence numbers are never decremented in the PDCP Tx.
PDCP SeqNum PDUs shall be sent by the peer PDCP entities when synchronization of the PDCP SN is required. It shall only be used for radio bearers that support or are configured / reconfigured to support lossless SRNS relocation. Synchronization of PDCP SN is required after RLC reset, RB reconfiguration or reception of invalid next expected UL/DL Receive PDCP Sequence Number after relocation.
The next expected Receive PDCP SN is considered invalid if its value is less than the PDCP SN of the first buffered PDCP SDU, which is the first forwarded PDCP SDU in the target SRNC and is the first sent but unconfirmed or the first unsent (if unconfirmed SDU does not exist) PDCP SDU in UE, or greater than the PDCP SN of the first unsent PDCP SDU. In this case, the PDCP entity shall initiate synchronization of PDCP SN by sending PDCP SeqNum PDU starting from the first buffered PDCP SDU.
When a PDCP entity receives a PDCP SeqNum PDU, the receive PDCP sequence number (i.e. UL_Receive or DL_Receive) shall be set to the value indicated in the PDCP SeqNum PDU.

After synchronization of PDCP SN is initiated, the PDCP layer shall:
-
deliver PDCP SeqNum PDUs to RLC until RLC has confirmed the successful transmission of a RLC SDU that contained a numbered PDCP PDU; 
-
not deliver PDCP SeqNum PDUs to RLC afterwards;

-
the synchronization procedure ends. 
6
Services

6.1
Services provided to upper layers

The following services are provided by PDCP to upper layers:

-
PDCP SDU delivery.

6.2
Services expected from RLC layer

For a detailed description of the following functions see [5].

-
Data transfer in acknowledged mode.

-
Data transfer in unacknowledged mode.

-
Data transfer in transparent mode.

-
Segmentation and reassembly.

-
In-Sequence delivery.

7
Elements for layer-to-layer communication

The interaction between the PDCP layer and other layers are described in terms of primitives where the primitives represent the logical exchange of information and control between the PDCP layer and other layers. The primitives shall not specify or constrain implementations.

7.1
Primitives between PDCP and upper layers

The primitives between PDCP and upper layers are shown in table 3.

Table 3: Primitives between PDCP and upper layers

	Generic Name
	Parameter

	
	Req.
	Ind.
	Resp.
	Conf.

	PDCP-DATA
	Data
	Data
	Not Defined
	Not Defined

	CPDCP-CONFIG
	PDCP-Info, RLC-SAP SN_Sync
	Not Defined
	Not Defined
	Not Defined

	CPDCP-RELEASE
	RLC-SAP
	Not Defined
	Not Defined
	Not Defined

	CPDCP-SN
	PDCP SN
	Not Defined
	Not Defined
	Not Defined

	CPDCP-RELOC
	 Receive_SN
	Not Defined
	Not Defined
	Receive_SN, Send_SN
Last_SN


Each Primitive is defined as follows:

a)
PDCP-DATA-Req./Ind.

-
PDCP-DATA-Req is used by upper user-plane protocol layers to request a transmission of upper layer PDU. PDCP-DATA-Ind is used to deliver PDCP SDU that has been received to upper user plane protocol layers.

b)
CPDCP-CONFIG-Req.

-
CPDCP-CONFIG Req is used to configure and – in case of already existing PDCP entity – to reconfigure a PDCP entity and to assign it to the radio bearer associated with that entity.

c)
CPDCP-RELEASE-Req.

-
CPDCP-RELEASE-Req is used by upper layers to release a PDCP entity.
d)
CPDCP-SN-Req.

-
CPDCP-SN-Req is used to transfer the PDCP SN to PDCP.
e)
CPDCP-RELOC-Req/Conf.

-
CPDCP-RELOC-Req initiates the SRNS relocation procedure in PDCP for those radio bearers that are configured to support lossless SRNS relocation. The Receive_SN is only included when the UE receives a new U-RNTI.
-
CPDCP-RELOC-Conf is used to transfer the Receive_SN, Send_SN and/or Last_SN to upper layers for lossless SRNS relocation. The Send_SN and Last_SN are only included at the source RNC.
The following parameters are used in the primitives:

1)
PDCP-Info:

-
contains the parameters for each of the header compression protocols configured to be used by one PDCP entity.

2)
RLC-SAP:

-
the RLC-SAP (Tr/UM/AM) used by PDCP entity when communicating with RLC sublayer.
3)
SN_Sync:

-
Indicates that PDCP should start PDCP sequence number synchronization
4)
Send_SN:

-
The DL send PDCP sequence number of the first PDCP SDU to be forwarded from the source SRNC to the target SRNC. It is included in CPDCP-RELOC-Conf at the source SRNC. Refer to subclause 5.4.
5)
Receive_SN:

-
The receive PDCP sequence number of the next PDCP PDU expected to be received. There is one in the uplink (UL_Receive_SN), which is included in CPDCP-RELOC-Req at the UE, and one in the downlink (DL_Receive_SN), which is included in CPDCP-RELOC-Conf at the source SRNC. Refer to subclause 5.4.
6)
PDCP SN:

-
This includes a PDCP sequence number, which is equal to the DL Receive PDCP Sequence Number of the next expected PDCP SDU sent to the target SRNC by UE.
7)
Last_SN:

-
The PDCP sequence number of the last sent but unconfirmed PDCP SDU to be forwarded. If there is no sent but unconfirmed PDCP SDU to be forwarded, it is not included in the primitive. If it is included, the PDCP SN of the first unsent PDCP SDU equals Last_SN+1.
8
Elements for peer-to-peer communication

8.1
Protocol data units

Different protocol data unit formats are defined in PDCP, one not introducing any overhead to the (compressed) PDCP SDU, others introducing such overhead. Whether overhead is introduced by the PDCP protocol is configured for the PDCP entity by upper layers.

8.2
Formats

A PDCP PDU is byte-aligned, if the RLC is run on unacknowledged or acknowledged mode. Otherwise, in transparent mode, it is bit-aligned. In the drawings in subclause 8.2, bit strings are represented by tables in which the first bit is the leftmost one on the first line of the table, the last bit is the rightmost on the last line of the table, and more generally the bit string is to be read from left to right and then in the reading order of the lines.

SDUs are bit strings, with any non-null length. If not compressed within PDCP an SDU is included from first bit onward.

8.2.1
PDCP-No-Header PDU

The PDCP-No-Header PDU does not introduce any overhead to the PDCP SDU.

The format of the PDCP-No-Header PDU is shown in table 4.

Table 4: PDCP-No-Header PDU

	Data

	


8.2.2
PDCP Data PDU

The Data PDU is used to convey a payload unit containing a PDCP SDU, header compression related control signalling or data that has been obtained from PDCP SDU after header compression.

The format of the PDCP Data PDU is shown in table 5.

Table 5: PDCP Data PDU format
	PDU type
	PID

	Data 

	


8.2.3
PDCP SeqNum PDU

The SeqNum PDU is used to convey a payload unit containing a PDCP PDU sequence number and PDCP SDU, header compression related control signalling or data that has been obtained from PDCP SDU after header compression.

The format of the PDCP SeqNum PDU is shown in table 6.
Table 6: PDCP SeqNum PDU format
	PDU type
	PID

	Sequence number 

	

	Data 

	


8.3
Parameters

If not otherwise mentioned in the definition of each field then the bits in the parameters shall be interpreted as follows: the left most bit string is the first and most significant and the right most bit is the last and least significant bit.

Unless otherwise mentioned, integers are encoded in standard binary encoding for unsigned integers. In all cases the bits appear ordered from MSB to LSB when read in the PDU.

8.3.1
PDU Type

Length: 3 bits.

The PDU type field indicates the PDCP-data-PDU type.

	Bit
	PDU Type

	000
	PID field used for header compression information (PDCP Data PDU format described in table 5)

	001
	PID field used for header compression information and the PDCP PDU sequence number included (PDCP SeqNum PDU format described in table 6)

	010-111
	Reserved (PDUs with this encoding are invalid for this version of the protocol)


8.3.2
PID

Length: 5 bits.

The PID field indicates the used header compression and packet type.

	Bit
	Description

	00000
	No header compression

	00001-11111
	Dynamically negotiated header compression identifier, as described in subclause 5.1.1


The PID field value defines the used header compression type and packet type. One compression protocol may reserve a certain amount of values from PID field value space for different packet types. Receiving PDCP makes reverse operation (e.g. header decompression) according to PID field value. There is not fixed relation between PID field value and used optimisation / packet type, but PID field values are defined dynamically at the PDCP parameter negotiation.

8.3.3
Data

PDCP SDUs that have been header compressed are mapped to this field if header compression is negotiated. Otherwise, PDCP SDUs are mapped to this field.

8.3.4
Sequence number

Length: 16 bits

PDCP PDU sequence number.
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