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Introduction
Lossless SRNS relocation (from now on, it will be abbreviated to LSR) procedure is used to guarantee loss-free data transmission during SRNS relocation. LSR is always, and only configured for RABs that are subject to data forwarding [1]. In radio interface protocols, PDCP layer is responsible for supporting LSR procedure. When LSR is supported, the PDCP shall support PDCP sequence numbering, and, using this number, the unconfirmed SDUs can be transmitted to the peer PDCP without any loss [2].

Figure 1 and 2 show the PS-domain protocol architectures used for U-plane and C-plane, respectively [3]. Figure 1 also shows the packet data flow from GGSN to UE. On Gn and Iu interfaces, the packet data is transmitted as a GTP-U PDU which consists of GTP Header and T-PDU (=PDCP SDU) [4]. On Uu interface, the packet data is transmitted as a PDCP PDU. More detailed description of the packet data flow can be found in [3] and [4].


Figure 3 shows the LSR procedure defined in the current specs. Focusing on the data forwarding, we explain the procedure step-by-step as follows; 

1. In the Source RNC, RRC stops RLC and requests PDCP to perform LSR procedure by the CPDCP-RELOC-Req. primitive.

2. The PDCP informs RRC of DL SSN (Downlink Send SN) and UL RSN (Uplink Receive SN) by the CPDCP-RELOC-Conf. primitive. The DL SSN is the next downlink PDCP SN that would have been used to send data to the UE, and the UL RSN is the next uplink PDCP SN that would have been used to receive data from the UE [3].

3. After retrieving DL SSN and UL RSN, the Source RRC transfers these values to the Target RRC through the Iu (RANAP message : Forward SRNS Context [5]) or Iur (RNSAP message : Relocation Commit [6]) interface. Iur interface can be used only when it is available. In these messages, DL GTP-U SN and UL GTP-U SN are also included in order for Target GTP-U to know the next DL and UL GTP-U PDU SNs. 

4. The Source PDCP starts to forward the unconfirmed PDCP SDUs to the Target PDCP. The first step is to forward them to the Source GTP-U through the Source Iu-UP [7]. The unconfirmed SDUs are first sent from PDCP to Iu-UP by the PDCP-DATA-Ind. primitive, and then they are sent from Iu-UP to GTP-U by the Iu-UP-UNITDATA-Req. primitive. 

5. The Source GTP-U makes GTP-U PDUs by adding GTP Headers to the unconfirmed SDUs, and forwards them to the Target GTP-U. The DL PDCP SN and DL GTP-U SN of each unconfirmed PDCP SDU are included in the GTP Header [4]. Note that the data forwarding at SRNS relocation is always carried out through the Iu interface [3].

6. After receiving forwarded GTP-U PDUs, the Target GTP-U removes GTP Headers and forwards the unconfirmed PDCP SDUs to the Target PDCP through the Target Iu-UP. The primitives related to this step are Iu-UP-UNITDATA-Ind. (Iu-UP) and PDCP-DATA-Req. (PDCP).

7. While data forwarding is going on (step 4~6), the Target RRC informs the UE RRC of UL RSN by the RRC message. After receiving this message, the UE RRC stops the UE RLC.

8. The UE RRC informs the UE PDCP of the UL RSN by the CPDCP-RELOC-Req. primitive. The UL RSN confirms all mobile originated packets successfully transferred before the start of the relocation procedure. If UL RSN confirms reception of packets that were received in the Source PDCP, the UE PDCP shall discard these packets. After relocation, the UE PDCP will transmit data in uplink direction from the PDCP PDU with sequence number of UL RSN.

9. The UE PDCP informs the UE RRC of DL RSN by the CPDCP-RELOC-Ind. primitive. 

10. The UE RRC informs the Target RRC of DL RSN by the RRC message.

11. The Target RRC compares the DL RSN received from the UE RRC with the DL SSN received from the Source RRC. If the DL RSN is larger than the DL SSN, the DL RSN is determined to be invalid, and the Target RRC orders the Target PDCP to perform SN synchronization procedure by the CPDCP-CONFIG-Req. primitive with SN_Sync parameter. If the DL RSN is smaller than or equal to the DL SSN, the DL RSN is determined to be valid, and it will be delivered to the Target PDCP.

12. The Target RRC informs the Target PDCP of the DL RSN by the CPDCP-SN-Req. primitive with PDCP SN parameter. The DL RSN confirms all mobile terminated packets successfully transferred before the start of the relocation procedure. If DL RSN confirms reception of packets that were forwarded from the Source PDCP, the Target PDCP shall discard these packets. After relocation, the Target PDCP will transmit data in downlink direction from the PDCP PDU with sequence number of DL RSN.

Problems in the LSR procedure


The current PDCP protocol cannot support the LSR procedure completely. Some essential primitives and parameters are missing, and certain error situations may not be handled by the current PDCP protocol. In this document, we will enumerate currently found problems, and propose a possible solution to each problem. Fig. 4 and 5 illustrates our proposal graphically.

1) Ambigous definition of DL SSN


The Source RRC retrieves DL SSN from the Source PDCP, and transfers it to the Target RRC. But the definition of the DL SSN is not clearly defined in the specs., and it can be misleading. In section 5.4 in 25.323 [2], there is a paragraph that explains what are transferred from Source PDCP to Target PDCP, 

For each radio bearer, the 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 PDCP-SDUs. Source SRNC provides the Send PDCP sequence number of the first PDCP SDU to be forwarded to the target SRNC.
According to the last sentence, DL SSN should be a DL PDCP SN of the first unconfirmed SDU. But if we see the definition of Send_SN (section 5.4.1 in 25.323 [2]) included in the CPDCP-RELOC-Conf. primitive,

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.
PDCP sequence numbers are never decremented in the PDCP Tx.
DL SSN seems to be the DL PDCP SN of the first PDCP PDU to be transmitted to the UE after relocation. Other specs. also have a small description of DL SSN. In 23.060 [3],

SRNS contexts are sent for each concerned RAB and contain the sequence numbers of the GTP PDUs next to be transmitted in the uplink and downlink directions and the next PDCP sequence numbers that would have been used to send and receive data from the MS.
and in 25.413 [5],

The CN shall initiate the procedure by sending a SRNS CONTEXT REQUEST message to the source RNC. The SRNS CONTEXT REQUEST message shall include the list of RABs whose contexts should be transferred.
The source RNC shall respond to the CN with a SRNS CONTEXT RESPONSE message containing the RAB Context information for the referenced RABs. For each RAB, the following information elements shall be included:

-
RAB ID;

-
always when available, the sequence number for the next downlink GTP‑PDU to be sent to the UE i.e. DL GTP-PDU Sequence Number;

-
always when available, the sequence number for the next uplink GTP‑PDU to be tunnelled to the GGSN i.e. UL GTP-PDU Sequence Number;

-
always when available, the radio interface sequence number (PDCP) of the next downlink N-PDU (PDCP SDU) that would have been sent to the UE by a source system  i.e. DL N-PDU Sequence Number IE;

-
always when available, the radio interface sequence number (PDCP)  of the next uplink N-PDU (PDCP SDU) that would have been expected from the UE by a source system  i.e. UL N-PDU Sequence Number IE.
Taking all the above things together, we conclude that a DL SSN is a DL PDCP SN of the first PDCP PDU to be transmitted to the UE after relocation. Therefore, we propose to remove or modify the last sentence in the paragraph in section 5.4. That is, the Source PDCP does not provide the Send PDCP sequence number of the first PDCP SDU to be forwarded to the Target PDCP, but provide the Send PDCP sequence number of the first PDCP PDU to be transmitted to the UE PDCP after relocation. This document is written based on this definition. 

2) Management of DL GTP-U SN (step 4 and 6 in Fig.4)


The current PDCP protocol only manages PDCP sequence numbers in case of LSR. But according to section 9.1.1 in 29.060 [4], GTP-U SN should also be managed in the PDCP layer.

9.1.1
Handling of Sequence Numbers

This functionality is provided only when the S bit is set to 1 in the GTP-U header.

The GTP-U protocol entity must reorder out of sequence T-PDUs when in sequence delivery is required. This is optional at the SGSN in UMTS. The GTP-U protocol entity shall deliver to the user plane entity only in sequence T-PDUs and notify the sequence number associated to each of them. The notification of the sequence number is not necessary at the GGSN, but it is mandatory at the SGSN and RNC. The user plane entity shall provide a sequence number to the GTP-U layer together with T-PDUs to be transmitted in sequence. GTP-U protocol entities at the GGSN may optionally generate autonomously the sequence number, but should be able to use sequence numbers provided by the user plane entity. The sequence number is handled on a per GTP-U Tunnel (that is TEID) basis.

When the sequence number is included in the GTP-U header, a user plane entity acting as a relay of T-PDUs between GTP-U protocol entities, or between PDCP (or SNDCP) protocol entities and GTP-U protocol entities, shall relay the sequence numbers between those entities as well. In this way it is possible to keep consistent values of sequence numbers from the GGSN to the UE (MS in GPRS) by relaying the sequence number across the CN GTP-U bearer, the Iu GTP-U bearer and the Radio bearer (via PDCP or SNDCP N-PDU numbers). This functionality is beneficial during SRNS relocation.

For GTP-U signalling messages having a response message defined for a request message, Sequence Number shall be a message number valid for a path. Within a given set of continuous Sequence Numbers from 0 to 65535, a given Sequence Number shall, if used, unambiguously define a GTP-U signalling request message sent on the path (see section Reliable delivery of signalling messages). The Sequence Number in a signalling response message shall be copied from the signalling request message that the GSN or RNC is replying to. For GTP-U messages not having a defined response message for a request message, i.e. for messages Supported Extension Headers Notification and Error Indication, the Sequence Number shall be ignored by the receiver.
So, we propose to add DL GTP-U SN parameter in the PDCP-DATA-Req. primitive, and propose for UTRAN PDCP to manage DL GTP-U SN in addition to PDCP SN. Moreover, notification of the DL GTP-U SN of each unconfirmed SDU is essential for the forwarding of unconfirmed SDUs. Since the GTP-U SN is handled on a per TEID basis, the unconfirmed PDCP SDU should use the original GTP-U SN received from GGSN when it is forwarded to the Target GTP-U. To this end, we also propose to add DL GTP-U SN parameter in the PDCP-DATA-Req./Ind. primitive. Note that it is not necessary to notify DL GTP-U SN for each PDCP SDU. Since the GTP-U SN is continuous, notification of the first PDCP SDU may do the work.

3) DL PDCP SNs of unconfirmed SDUs (step 4 and 6 in Fig. 4)


During LSR, the unconfirmed PDCP SDUs are forwarded one-by-one from Source to Target PDCP. The unconfirmed SDUs are transferred through the PDCP-DATA-Ind. primitive in Source RNC (from PDCP to Iu-UP), and through the PDCP-DATA-Req. primitive in Target RNC (from Iu-UP to PDCP). The problem is that only the unconfirmed SDUs are forwarded, and their associated DL PDCP SNs are not forwarded (PDCP-DATA-Req./Ind. primitives only contain ‘Data’ parameter [2]). But if DL PDCP SN of each unconfirmed SDU is not forwarded, the Target PDCP may allocate the SN to the unconfirmed SDU incorrectly. The reason is that if a Context State PDU is sent and not confirmed in the Source PDCP before relocation, it is discarded in the Source PDCP and it will not be forwarded to the Target PDCP. Due to the Context State PDU, there will be a SN Gap in DL PDCP SNs of unconfirmed SDUs, which cannot be found in Target PDCP. Note that the presence of the Context State PDU will cause the difference between GTP-U SN and PDCP SN. Therefore, we propose to add DL PDCP SN parameter in the PDCP-DATA-Req./Ind. primitive, which is only used for data forwarding. The DL PDCP SN field is already defined in the GTP Header as can be seen in section 6.1.1 in 29.060 [4].


4) Missing primitives ; Data Forwarding Request (step 3.5 in Fig.4)


In the current PDCP protocol, no primitive is defined to indicate the start of data forwarding. Without the indication, the Source PDCP can’t forward the unconfirmed SDUs, because it doesn’t know the situation of the Target PDCP whether it is ready to receive the forwarded data or not. If we see section 8.12 in 25.413 [5], there already exists ‘Data Forwarding Initiation procedure’ which indicate the start time of data forwarding. 

8.12
SRNS Data Forwarding Initiation

8.12.1
General

The purpose of the SRNS Data Forwarding procedure is to trigger the transfer of N-PDUs from the RNC to the CN (PS domain) in case of inter-system forward handover. The procedure uses connection oriented signalling.

8.12.2
Successful Operation
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Figure 1: SRNS Data Forwarding Initiation procedure. Successful operation.

CN initiates the procedure by sending SRNS DATA FORWARD COMMAND message to UTRAN. SRNS DATA FORWARD COMMAND message includes the list of RABs whose data should be forwarded and the necessary information for establishing a GTP tunnel to be used for data forwarding.

Upon reception of SRNS DATA FORWARD COMMAND message RNC starts the timer TDATAfwd.
Therefore, we propose to add a new primitive like CPDCP-DATA-FORWARD-Req. in the PDCP spec. to initiate a data forwarding procedure.

5) Only one SN is included in the CPDCP-SN-Req. primitive (step 12 in Fig.4)


Since a single PDCP entity has both Tx and Rx sides, two PDCP SNs (DL SSN, UL RSN) should be informed to the Target PDCP. This feature can be seen in the CPDCP-RELOC-Conf. primitive, in which both Receive_SN and Send_SN are included. But the CPDCP-SN-Req. primitive only contains ‘PDCP SN’ parameter, it is not sufficient for RRC to indicate both DL and UL SNs. So, we propose to add PDCP-SND and PDCP-SNU parameters in the CPDCP-SN-Req. primitive. The terms PDCP-SND and PDCP-SNU are taken from 23.060 [3], “PDCP-SND/PDCP-SNU is the PDCP sequence number for the next expected in-sequence downlink/uplink packet to be received in acknowledged mode in the UE per radio bearer, which requires loss-less relocation.”
6) Initiation of SN synchronization procedure (step 8.5 and 13 in Fig.4)


According to the PDCP spec., SN synchronization procedure is required after RLC reset, RB reconfiguration or reception of invalid next expected UL/DL Receive PDCP SN after relocation. To start SN synchronization, RRC sends CPDCP-CONFIG-Req. primitive with SN_Sync parameter. That is, PDCP cannot start SN synchronization procedure on its own decision. But in some cases, it is needed to start SN synchronization procedure without an RRC command. One example is step 8.5 in Fig.4. When a UE PDCP is informed by a UE RRC of UL RSN, the UE PDCP should compare this value with UL FUSN (SN of the First Unconfirmed SDU) and UL SSN. If UL RSN is not in the range between UL FUSN and UL SSN, the UE PDCP should consider the UL RSN invalid, and should start SN synchronization procedure. So, we propose that PDCP can initiate SN synchronization procedure on its own decision. 

7) Problems of modular comparison (step 8.5 and 13 in Fig.4, and step 7.5 and 11 in Fig.5)


At step 11 in Fig.3, the Target RRC compares DL RSN with DL SSN in order to check the validity of DL RSN. If the DL RSN is greater than the DL SSN, the DL RSN is determined to be invalid, and the Target RRC orders the Target PDCP to perform SN synchronization procedure. If the DL RSN is smaller than or equal to the DL SSN, the DL RSN is determined to be valid, and it will be delivered to the Target PDCP. 

The problem at this step is that Target RRC doesn’t know the DL FUSN (SN of the First Unconfirmed SDU). Though Target RRC determines the DL RSN to be valid (DL RSN is smaller than or equal to DL SSN), it may be invalid if it is smaller than DL FUSN. Moreover, since it is a modular comparison, RRC may determine valid DL RSN to be invalid. For example, in case SNs of unconfirmed SDUs are 65000~2000 (i.e. DL SSN=2001), and if Target RRC receives DL RSN=65535, then, since DL RSN > DL SSN, the Target RRC will determine the valid DL RSN to be invalid, and order the Target PDCP to perform SN synchronization procedure. In this case, the correctly received SDUs (SN=65000~65534) will be retransmitted, and this wastes radio resources. 

To overcome this problem, we propose to compare DL RSN with the range between DL FUSN and DL SSN, not with DL SSN only. For UE side, we propose UL RSN be compared with the range between UL FUSN and UL SSN, not with UL SSN only. The comparison can be made in any of the two layers, RRC and PDCP. Fig.4 is the case when the comparison is made in PDCP, and Fig.5 is when the comparison is made in RRC. 

For the PDCP comparison (Fig.4), the Target RRC should inform the Target PDCP of DL SSN in addition to DL RSN. In most cases, since PDCP knows SN of each unconfirmed SDU, the information of DL SSN is redundant, because it is equal to the “SN of the last unconfirmed SDU + 1”. But in a special case when a Context State PDU was unfortunately the last unconfirmed PDCP PDU in the Source PDCP, “SN of the last unconfirmed SDU + 1” will be a SN Gap, and it is not equal to DL SSN (in this case, DL SSN = SN of the last unconfirmed SDU + 2). The Target RRC can’t know the presence of SN Gap, and it is proposed to add DL SSN all the time. PDCP checks the validity of DL RSN, and, if it is invalid, start SN synchronization procedure. Another special case when a Context State PDU was the first unconfirmed PDCP PDU is not a problem, because UE has not received any of the unconfirmed SDUs and PDCP will perform SN synchronization procedure anyway.

For the RRC comparison (Fig.5), the PDCP should inform the RRC of UL FUSN and UL SSN (UE side) or DL FUSN (UTRAN side). The comparison is same as PDCP comparison case. But since it requires many parameters, we propose to use PDCP comparison as in Fig.4.

8) Handling of PDCP SN Gap (Fig.6)

SN Gap occurs when a Context State PDU is not confirmed in the Source PDCP before relocation. The problem is excellently described in R2-011325 proposed by ASUSTeK. Since the current PDCP protocol does not mention about the handling of SN Gap, it is needed to specify a mechnism to handle this problem in the spec.


Our proposal is shown in Fig.6. When a Target PDCP finds a SN Gap in the unconfirmed SDUs, the Target PDCP starts SN synchronization procedure for the next SDU. In Fig.6, SN Gap=23, and Target PDCP sends PDCP SeqNum PDU from the SN=24. Since this method uses already defined procedure, it does not add any additional functionality. Indeed, small description of handling SN Gap would suffice.

Conclusion
The current lossless SRNS relocation procedure has some ambiguous and erroneous aspects. This document presents the problems found in the current lossless SRNS relocation procedure, and proposes a possible solution to each problem. If the presented problems and proposed solutions are agreed, we will submit CRs to correct agreed parts at the next meeting. The followings are proposed changes to the 25.323. The proposed changes for other related specs. would also be submitted.
1. Delete or modify the sentence “Source SRNC provides the Send PDCP sequence number of the first PDCP SDU to be forwarded to the target SRNC.”.

2. Add a parameter DL GTP-U SN in the PDCP-DATA-Req./Ind. primitives.

3. Add a parameter DL PDCP SN in the PDCP-DATA-Req./Ind. primitives.

4. Add a new primitive CPDCP-DATA-FORWARD-Req.

5. Add parameters PDCP-SND and PDCP-SNU, and delete a parameter PDCP SN in the CPDCP-SN-Req. primitive. 

6. Add a new sentence to explain that SN synchronization procedure can be initiated in PDCP layer without an RRC command.

7. Add a parameter DL Send SN in the CPDCP-SN-Req. primitive. Add a new sentence to explain the valid ranges of PDCP-SND and PDCP-SNU.

8. Add a new sentence to explain that SN synchronization procedure can be used for an SN Gap.
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Figure 1. User Plane structure and packet data flow (Downlink) in PS-domain
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Figure 2. Control Plane structure in PS-domain
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Figure 3. Current lossless SRNS relocation procedure.
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Figure 4. Proposed lossless SRNS relocation procedure (1).
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Figure 5. Proposed lossless SRNS relocation procedure (2).
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Figure 6. Handling of SN Gap problem by SN synchronization procedure.

6.1	Extension headers


6.1.1	PDCP PDU Number


This extension header is transmitted, for example, at SRNS relocation time to provide the PDCP sequence number of not yet acknowledged N-PDUs. It is 4 octets long, and therefore the Length field has value 1. 


�
�
Bits�
�
Octets�
�
8�
7�
6�
5�
4�
3�
2�
1�
�
1�
�
1�
�
2�
�
PDCP PDU number �
�
3�
�
PDCP PDU number.�
�
4�
�
Next Extension Header Type (*)�
�



(*) The value of this field is 0 if no other Extension header follows.


Figure 6: PDCP PDU number Extension Header
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