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1
METHOD FOR TRANSMITTING PDCP STATUS REPORT

Technical Field

[1] The present invention relates to a method for transmitting PDCP status reports.
Background Art

|2] In the related art, transmitting PDCP status reports was performed, but radio resources were
unnecessarily wasted. As such, the related art technologies do not sufficiently address such
1ssues, and thus do not offer appropriate solutions.

Summary

[3] The present inventors recognized at least the above-identified drawbacks of the related art.
Based upon such recognition, the various features described hereafter have been conceived
such that a method of for transmitting PDCP status reports is provided, which results in more
efficient use of radio resources.

[3a] In accordance with one aspect of the invention there is provided a method involving
processing (S110), by a PDCP (Packet Data Convergence Protocol) entity located between
upper layers and lower layers, PDCP data units received from the lower layers after a PDCP re-
establishment is requested from the upper layers. The method also involves compiling (S120-
5150, S170), by the PDCP entity, a PDCP status report by setting an FMS (First Missing
Sequence number) field to a PDCP sequence number of a first missing PDCP SDU (Service
Data Unit). If there 1s at least one out-of-sequence PDCP SDU stored, allocating a bitmap field
of length in bits equal to the number of PDCP SN from and not including the first missing
PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to the next
multiple of 8 is allocated. The method also involves indicating a ‘0’ in corresponding positions
of the bitmap field for all PDCP SDUs that have not been received as indicated by the lower
layers and indicating a ‘1’ in corresponding positions of the bitmap field for all other PDCP
SDUs. The method further involves sending (S160), from the PDCP entity to the lower layers,
the PDCP status report as a PDCP PDU (Protocol Data Unit) for transmission.

[3b] In accordance with another aspect of the invention there is provided a method involving
receiving, by a PDCP (Packet Data Convergence Protocol) entity located between upper layers
and lower layers, a PDCP status report as a PDCP PDU (Protocol Data Unit) transmitted from a
peer PDCP entity at a transmitting side. The PDCP status report generated in the peer PDCP
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la
entity at the transmitting side processes PDCP data units (S110) received from the lower layers

at the transmitting side after a PDCP re-establishment is requested from the upper layers at the
transmitting side and compiles (S120-S150, S170) the PDCP status report by setting an FMS
(First Missing Sequence number) field to a PDCP sequence number of a first missing PDCP
SDU (Service Data Unit). If there is at least one out-of-sequence PDCP SDU stored, a bitmap
field of length in bits equal to the number of PDCP SNs from and not including the first
missing PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to
the next multiple ot 8 is allocated. The method also involves indicating a ‘0’ in corresponding
positions of the bitmap field for all PDCP SDUs that have not been received as indicated by the
lower layers at the transmitting side, indicating a ‘1’ in corresponding positions of the bitmap
field tor all other PDCP SDUSs, sending (S160) the PDCP status report from the peer PDCP
entity at the transmitting side and processing the PDCP status report received from the peer
PDCP entity at the transmitting side.

[3¢} In accordance with another aspect of the invention there is provided an apparatus including
a PDCP (Packet Data Convergence Protocol) entity at a transmitting side, upper layers located
above the PDCP entity 1n a radio interface protocol stack and lower layers located below the
PDCP entity in the radio interface protocol stack. The PDCP entity at the transmitting side is
configured to perform the steps of processing PDCP data units (S110) received from the lower
layers after a PDCP re-establishment is requested from the upper layers and compiling (S120-
5150, S170) a PDCP status report by setting an FMS (First Missing Sequence number) field to
a PDCP sequence number of a first missing PDCP SDU (Service Data Unit). If there is at least
one out-of-sequence PDCP SDU stored, a bitmap field of length in bits equal to the number of
PDCP SNs trom and not including the first missing PDCP SDU up to and including the last
out-of-sequence PDCP SDUs, rounded up to the next multiple of 8 is allocated. The apparatus
also involves indicating a ‘0’ in corresponding positions of the bitmap field for all PDCP SDUs
that have not been received as indicated by the lower layers, and indicating a ‘1’ in
corresponding positions of the bitmap field for all other PDCP SDUSs. The apparatus sends
(§160), to the lower layers, the PDCP status report as a PDCP PDU (Protocol Data Unit) for

transmission.
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1b

[3d] In accordance with another aspect of the invention there is provided an apparatus including
a PDCP (Packet Data Convergence Protocol) entity at a receiving side, upper layers located
above the PDCP entity in a radio interface protocol stack and lower layers located below the
PDCP entity in the radio interface protocol stack. The PDCP entity at the receiving side is
configured to perform the steps of receiving a PDCP status report as a PDCP PDU (Protocol
Data Unit) transmitted from a peer PDCP entity at a transmitting side. The PDCP status report
s generated in the peer PDCP entity at the transmitting side by processing PDCP data units(
5110) received from the lower layers at the transmitting side after a PDCP re-establishment is
requested from the upper layers at the transmitting side. The PDCP entity at the receiving side
1s also configured to perform the steps of compiling (S120-S150, S170) the PDCP status report
by setting an FMS (First Missing Sequence number) field to a PDCP sequence number of a first
missing PDCP SDU (Service Data Unit). If there is at least one out-of-sequence PDCP SDU
stored, allocating a bitmap field of length in bits equal to the number of PDCP SNs from and
not including the first missing PDCP SDU up to and including the last out-of-sequence PDCP
SDUs, rounded up to the next multiple of 8 is allocated. The apparatus also involves indicating
a “0” 1n corresponding positions of the bitmap field for all PDCP SDUSs that have not been
received as indicated by the lower layers at the transmitting side, and indicating a 1° in
corresponding positions of the bitmap field for all other PDCP SDUs. The apparatus also sends
(5160) the PDCP status report from the peer PDCP entity at the transmitting side and processes
the PDCP status report received from the peer PDCP entity at the transmitting side.

Brief Description of Drawings

|4] Figure 1 shows an exemplary network architecture of a Universal Mobile

Telecommunications System (UMTS).

|5] Figure 2 shows an exemplary radio interface protocol stack used between a mobile terminal
and a UTRAN based upon the 3GPP radio access network standard.

16] Figure 3 shows an exemplary PDCP entity if the PDCP layer of Fig. 2.

| 7] Figure 4 shows an exemplary PDCP Status PDU generated by the PDCP Control Unit of
Fig. 3.

|8] Figure 5 shows an example of how a PDCP Status PDU is generated.

[9] Figure 6 shows another example of how a PDCP Status PDU is generated.

[10] Figure 7 shows an exemplary flow chart of the present invention.
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| 11] Figure 8 shows an example of how a PDCP Status PDU is generated.
[12] Figure 9 shows an example of how a PDCP Status PDU is generated.

Detailed Description

[13] The embodiments that follow are related to a method for transmitting PDCP status reports
are explained in terms of a Long Term evolution (LTE) system or other so-called 4G
communication systems, which is an enhancement to current 3GPP technologies. However,
such details are not meant to limit the various features described herein, which are applicable to
other types of mobile and/or wireless communication systems and methods.

[14] Hereafter, the term “mobile terminal” will be used to refer to various types of user devices,

such as mobile communication terminals, user equipment (UE), mobile
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[15]

[16]

[17]

[18]

[19]

[20]

[21]

equipment (ME), and other devices that support various types of wireless commu-
nication technologies.

Second generation (2(G) mobile communications relate to transmitting and rece1ving
voice signals 1n a digital manner, and include technologies such as CDMA, GSM, and
the like. As an enhancement from GSM, GPRS was developed to provide packet
switched data services based upon GSM.

Third generation (3G) mobile communications relate to transmitting and receiving
not only voice signals, but also video and data. The 3GPP (Third Generation
Partnership Project) developed the IMT-2000 mobile communication system and
selected WCDMA as 1ts radio access technology (RAT). The combination of IMT-
2000 and WCDMA can be referred to as UMTS (Universal Mobile Telecommu-
nications System), which comprises a UMTS Terrestrial Radio Access Network
(UTRAN).

Figure 1 shows the network architecture ot a Universal Mobile Telecommunications

System (UMTS). The UMTS system 1s basically comprised ot user equipment (UEs)

10, a UMTS Terrestrial Radio Access Network (UTRAN) 50, and a core network (CN)
60. The UTRAN 50 has one or more radio network sub-systems (RNS) 30,40, and
each RNS has a radio network controller (RNC) 33,43, and one or more Node Bs
31,32,41,42 that are managed by the RNC 33,43. One or more cells exist for a Node B.

Figure 2 shows the radio protocol stack used in UMTS. The radio protocol layers
exist 1n pairs in the mobile terminal and 1n the UTRAN, and handle data transmission
over the radio interface. This radio protocol stack 1s largely divided into three layers:
L1 (Layer 1), L2 (Layer 2) and L3 (Layer 3).

L1 (Layer 1) has the physical layer (PHY) that uses various types of radio
transmission techniques to transmit data with reliability over the radio intertace. The
PHY layer 1s connected to an upper layer (the MAC layer) via transport channels,
which can be divided into dedicated transport channels and common transport
channels.

L2 (Layer 2) 1s comprised of four sub-layers: MAC, RLC, PDCP and BMC, each ot
which will be described 1n more detail below.

The MAC (Media Access Control) layer performs mapping of various logical
channels to various transport channels, and also pertforms logical channel multiplexing
of multiple logical channels to a single transport channel. The MAC layer 1s connected
with an upper layer (the RLC layer) via one or more logical channels. Based on the
type of information that is transmitted, these logical channels can be divided into
control channels used to transmit control plane information and tratfic channels used to

transmit user plane information. Based on the types of transport channels that are
managed, the MAC layer can be divided into a MAC-b sub-layer, a MAC-c/sh sub-

CA 02715986 2010-08-17
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[22]

23]

[24]

[25]

layer, a MAC-d sub-layer, a MAC-hs sub-layer, and a MAC-e sub-layer. The MAC-b
sub-layer handles the management of a BCH (Broadcast CHannel) used to broadcast
system information. The MAC-c/sh sub-layer manages shared transport channels, such
as the FACH (Forward Access CHannel), the DSCH (Downlink Shared CHannel), and
the like, which are shared with other mobile terminals. The MAC-d sub-layer handles
the management of dedicated transport channels, such as the DCH (Downlink Shared
Channel), with respect to a particular mobile terminal. In order to support high-speed
data transmissions on the downlink and uplink, the MAC-hs sub-layer manages the
HS-DSCH (High Speed Downlink Shared CHannel), which 1s a transport channel tfor
transmitting high-speed downlink data. The MAC-e sub-layer manages the E-DCH
(Enhanced Dedicated CHannel), which 1s a transport channel tor high speed uplink
data transmissions.

The RLC (Radio Link Control) layer handles the guarantee ot the quality of service
(Q0S) of each radio bearer (RB) and the transmission of data thereof. For the RLC to
guarantee the QoS that 1s unique to the RB, one or two independent RLC entities exist
for each RB, and three types of RLC modes (TM: transparent Mode; UM: Unac-
knowledged Mode; AM: Acknowledged Mode) are provided to support the various
QoS. Also, the RLC adjusts the size of data to be appropriate for transmission over the
radio (air) interface by a lower layer, and performs the functions for segmentation and
concatenation of the data (Service Data Units: SDUs) received from an upper layer
(1.e. RLC layer).

The PDCP (Packet Data Convergence Protocol) layer 1s located above the RLC layer
and allows the data to be transmitted using IP packets (such as IPv4 or IPv6) over the
radio (air) interface having relatively small bandwidth in an effective manner. To do
so, the PDCP layer pertorms a header compression function, which allows
transmission of data that 1s only necessary in the header portion of data such that
transmission efficiency over the radio (air) interface 1s increased. The PDCP layer only
exists in the PS (Packet Switched) domain because header compression 1s a basic
function, and one PDCP entity exists per RB in order to etfectively provide header
compression functions with respect to each PS service.

The BMC (Broadcast/Multicast Control) layer exists above the RLC layer and
performs the tunctions related to scheduling ot cell broadcast messages and
broadcasting to mobile terminals located 1n a particular cell.

L3 (Layer 3) has the RRC (Radio Resource Control) layer, located at the lowermost
portion there of, that 1s defined only in the control plane, tor controlling parameters of
L1 and L2 with respect to the establishment, re-establishment and release ot radio
bearers, as well as controlling the logical channels, transport channels and physical

channels. Here, a radio bearer refers to a logical path that is provided by L1 and L2 ot

CA 02715986 2010-08-17
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[26]

[27]

23]

[29]

[30]

[31]

[32]

[33]

[34]

the radio protocol for data transter between the mobile terminal and the UTRAN. In
general, establishment of the radio bearer refers to a procedure of setting the charac-
teristics ot the radio protocol layers and channels needed tor providing a particular
service, and then setting each particular parameter and operation methods thereotf.

Figure 3 will be referred to in describing the PDCP layer in more detail as tollows.
An exemplary PDCP entity of the PDCP layer of Fig. 2 i1s shown. The PDCP entity of
Fig. 3 1s connected to the RRC layer or a user application located thereabove, and
connected to the RLC layer therebelow. This PDCP entity 1s comprised of a
transmitting side and a receiving side.

In Fig. 3, the left side depicts the transmitting side having a transmission butter, a
header compression unit, a security handling unit, and a PDCP header attachment unit,
while the right side depicts the receiving side having a PDCP header removal unit,
security handing unit, header compression cancellation unit and a reception butfer.
Such transmitting side and receiving side share a PDCP control unit.

The transmitting side PDCP entity forms PDUSs (Protocol Data Units) using SDU s
(Service Data Units) received trom the upper layer or using control information that
was generated by the PDCP entity itselt and then transmits such PDUs to a peer PDCP
entity (1.e. a PDCP entity within the RNS) at the receiving side. This PDCP entity at
the rece1ving side converts the recerved PDCP PDUs into PDCP SDUs or extracts
control information trom the received PDCP PDUs.

It should be noted that the tunctional blocks shown in Fig. 3 can be implemented in
many different ways as could be understood by those skilled in the art.

As mentioned previously, The PDUs generated by the PDCP entity at the
transmitting side can be distinguished as Data PDUs and Control PDUs.

The PDCP Data PDU 1s a data block that 1s made at the PDCP entity by processing
the SDU received from an upper layer. The PDCP Control PDU 1s a data block that the
PDCP entity itselt generates 1n order to transter control information to a peer PDCP
entity.

The PDCP Data PDU 1s generated for the radio bearer (RB) of both the user plane
(U-plane) and of the control plane (C-plane), and some of the PDCP functions are se-
lectively applied to the user plane.

Namely, the header compression tunction 1s applied for only the U-plane data, and
the integrity protection tunction among the tunctions ot the security handling unit 1s
applied only for the C-plane data. In addition to the integrity protection tunction, the
security handling unit also has a ciphering tunction that maintains data security, and
such ciphering function applies to both U-plane data and C-plane data.

The PDCP Control PDU 1s generated only by the radio bearer (RB) of the U-plane,

and there are two types: (1) a PDCP status report message (1.e. PDCP Status Report)

CA 02715986 2010-08-17



WO 2009/116783 PCT/KR2009/001334

used to inform the transmitting side about the PDCP entity reception buftter status and
(2) a Header Compression Feedback Packet used to inform about the header de-
compressor state to the header compressor of the transmitting side.

[35] The PDCP status report message (PDCP Status Report message) 1s transmitted trom
the receiver PDCP to the transmitter PDCP in order to inform the transmitter PDCP
about the PDCP PDUs that were received or not received by the receiver PDCP, such
that non-received PDCP SDUs can be retransmitted received PDCP SDUs need not be
retransmitted. This PDCP status report message can be send in the form of a PDCP
Status PDU, and 1ts exemplary structure 1s shown in Figure 4.

|36] Figure 4 shows an exemplary PDCP Status PDU generated by the PDCP Control
Unit of Fig. 3. As can be seen, the PDCP Status PDU i1s comprised of one or more
octets (1 octet = & bits) that includes a D/C (Data/Control) tield, a PDU Type field, a
First Missing Sequence Number (FMS) tield, and a bit map (Bitmap) field.

|37] The D/C tield 1s comprised of 1 bit that 1s used to inform whether the corresponding
PDU 1s a Data PDU or a Control PDU.
|38] The PDU Type tield 1s comprised ot 3 bits used to inform about the type of Control

PDU. For example, the value of ‘000’ signifies a PDCP Status Report, the value of
‘001" signifies Header Compression Feedback Information, and other types of values
are reserved for future use.

[ 39] The FMS tield 1s comprised ot 12 bits and 1s used to indicate the sequence number
(SN) of the first PDCP SDU that was not received by the receiver (1.e., a first out-
of-sequence PDCP SDU, a first not received PDCP SDU, a first missing PDCP SDU,
etc.).

140] The Bitmap field 1s of variable length, and 1t a bit value of O indicates that the data ot
that position was not received properly, while a bit ot 1 indicates that the data of that
position was successtully received.

[41] Such PDCP Status Report can be used for various types of situations that would
require PDCP re-establishment, such as handover (HO) situations.

[42] The transmitting side (such as the mobile terminal or Node B) PDCP entity receives
PDCP SDUs from the upper layer and stores them a transmission butfer after
transmission in case retransmission 1s later required. Thereatter, when handover (or
other PDCP re-establishment situation) occurs, a report about the PDCP SDUSs that
were recerved and the PDCP SDUs that were not received are provided via a PDCP
Status Report and the PDCP SDUs that were not received are retransmitted after
handover.

[43] For example, the PDCP entity 1n the mobile terminal receives PDCP SDUs trom the
upper layer, transmits them to the base station, and stores them in a transmission butfer

even after transmission. Then, when handover (or some other situation requiring PDCP

CA 02715986 2010-08-17
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re-establishment) occurs, the mobile terminal receives information (via a PDCP Status
Report that 1s fed back) about the PDCP SDUs not received by the base station, and
such PDCP SDUs are retransmitted.

As described above, when handover (or some other situation requiring PDCP re-
establishment) occurs, the Node B changes from the source to the target, and since the
PDCP entity also changes, retransmissions must be used.

An example ot PDCP Status PDU generation procedure 1s as follows.

First, atter a radio bearer (RB) 1s contigured by the upper layer upon deciding that a
PDCP Status Report message should be transmitted, a status report (as indicated
below) 1s compiled, made into a PDU format for transmission, and submitted to the
lower layer

- setting the FMS tield to indicate the PDCP Sequence Number of the first missing
(or out-of-sequence) PDCP SDU;

- allocating, as the length of the Bitmap field, the length of the value (i.e. the number
of PDCP sequence numbers) trom (and not including) the first not received
(out-of-sequence) PDCP SDU up to (and including) the last out-ot-sequence PDCP
SDU received. Here, this Bitmap field length 1s 8 bits maximum. If less than § bits,
rounding up to the next multiple of & bits 1s performed, while if over & bits, the next
Bitmap field 1s used;

- setting the corresponding bit positions of the Bitmap field as 0. Here, O signifies the
PDCP SDUs not recerved from the transmitter by the lower layer or signifies the PDCP
SDUs that were received but header decompression was unsuccesstul. (Namely, setting
as ‘0’ 1n the corresponding position in the bitmap tield all PDCP SDUs that have not
been received as indicated by lower layers and optionally, PDCP PDUs for which de-
compression has failed);

- setting the corresponding bit positions ot the Bitmap field as 1. Here, 1 signifies
other PDCP SDUs (not described above), namely, the PDCP SDUs that were suc-
cesstully received at the lower layer. (Namely, indicating in the bitmap field as “1° all
other PDCP SDUSs).

However, the PDCP Status PDU generation procedure above not only results in
situation where unnecessary information 1s transmitted two times, but also situations
where necessary information cannot be transmitted at all.

Referring to Figures 5 and 6, an exemplary procedure ot generating the PDCP Status
PDU will be explained below:

Figure 5 shows one example of generating PDCP Status PDUs.

As shown 1n (a) of Fig. 5, among a sequence of SDUs having sequence numbers 3

through 12, 1t 1s assumed that the lower layer at the receiver has received SDUs of 3, 4,
7,8, 12, while SDUs of 5, 6,9, 10, 11 were not received.
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In such case, as shown 1n (b) of Fig. 5, according to this PDCP Status PDU
generation procedure, the mobile terminal sets the FMS tield to 5, which 1s the
sequence number of the first not received SDU.

Also, as the sequence number of the last out-of-sequence received SDU 1s 12
(because SDUs 7, 8 were received and SDU 12 was received), a total of 8 bits 1s
needed to express the SDUs having sequence numbers trom 5 through 12 (= a total of
eight SDUSs), and thus a Bitmap field of length 8 1s set.

Additionally, with respect to the SDUs having sequence numbers from 5 through 12,
the mobile terminal uses each bit of the Bitmap field to express whether reception of
each SDU was successtul or not. Namely, the Bitmap field would be set to 00110001
for the above situation.

As explained thus far, according to the PDCP Status PDU generation procedure, the
information for the SDU corresponding to sequence number 5 1s included into the
PDCP Status PDU two times (twice), which results in a waste of radio resources.

Also, the last out-of-sequence received SDU (namely, the SDU with SN=12) 1s
always set to 1 in the Bitmap tield, and thus such inclusion results 1n a waste of radio
resources.

Additionally, with respect to PDCP SDU 12, which 1s the last SDU in the above
procedure, according to its definition, as this 1s a successtully received SDU 1n the
receiver PDCP entity, it will always be set to 1. Thus, information about this SDU
would not need to be transmitted.

Figure 6 shows another exemplary procedure tor generating a PDCP Status PDU.

As shown 1n (a) of Fig. 6, among the SDUs having sequence numbers 3 through 13,
assume that the lower layer of the receiver received SDUs 3~12, while SDU 13 was
not recerved.

In such case, as shown 1n (b) ot Fig. 6, according to such PDCP Status PDU
generating method, the mobile terminal sets the FMS field to 13, which 1s the sequence
number of the SDU that was first not received.

Also, as the last out-ot-sequence SDU has a sequence number of 12, expressing the
SDUs 12 and 13 requires a size of 2 bits, but upon rounding up (to the nearest multiple
of §), the length of the Bitmap field 1s 8 bits, thus 1 byte 1s set.

Additionally, the mobile terminal needs to express whether SDUs 12 and 13 were
received or not by using respective bits in the Bitmap tield. However, as the last
received out-ot-sequence SDU has a sequence number of 12, which 1s lower than the
sequence number 13 of the first not received SDU, when each bit of the Bitmap field 1s
being set, errors occur. Also, as the Bitmap field has a length of 8 bits (= 1 byte), while
only 2 bits need to be tilled, it 1s unclear as to how the remaining bits are to be filled.

Also, because the receiver properly received all SDUs, only the first not received
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SDU 13 needs to be reported. Namely, there 1s no need for the Bitmap field in this
situation. Despite this, as described above, the length of the Bitmap field of the PDCP
Status PDU is set to 1 byte and transmitted, which results 1in a waste of radio resources.

167] Accordingly, based on such problem recognition, the present invention was
concelved such that the PDCP Status Report message 1s generated more etfectively,
which results in minimizing the waste of radio resources.

|68] Also, the present invention allows for more etficient providing ot information related
to the SDUSs received and not received at the receiver.

[169] To address the above 1ssues, a PDCP status report transmitting method 1s provided
and comprises the steps of receirving a PDCP re-establishment request from an upper
layer; determining whether any PDCP SDUs stored out-of-sequence exist; and if an
PDCP SDUs stored out-of-sequence exist, then allocating as the length ot a Bitmap
field of a PDCP Status Report message, the number of bits that equals the number ot
SDUs from the SDU after the first missing PDCP SDU up to a last received out-
of-sequence PDCP SDU.

[ 70] It no out-ot-sequence stored PDCP SDUs exist, the Bitmap field is not included 1n
the PDCP Status Report message.

[71] The PDCP SDUs can be stored 1n a buftfer.

| 72] The above steps are performed for an RLC(Radio Link Control) AM(Acknowledged
Mode).

| 73] The PDCP re-establishment request can occur 1in a handover situation.

|74 ] The PDCP Status Report message can also include e FMS field, in which a sequence
number of the first missing PDCP SDU i1s set.

| 73] The Bitmap field value of O can indicate that the corresponding PDCP SDU was not

successtully received, while the Bitmap value of 1 can indicate that the corresponding
PDCP SDU was successtully received.

| 76] Regarding the etfects of the present invention, the size of the PDCP Status Report
can be reduced, only necessary information can be included, and more ettective use ot
radio resources can be achieved

| 77] The fteatures described herein can be applied to the so-called LTE (Long Term
Evolution) technologies, which are being developed after 3G mobile communications
in anticipation of rapidly increasing data traffic. Such i1s one aspect of developing an
evolved network that can support greater bandwidth, and the term E-UTRAN (Evolved
UTRAN) 1s being used.

| 78] However, the features and characteristics described herein are not meant to be limited

to LTE, but can also be adapted, applied and implemented 1n various other commu-
nication systems and methods, such as GSM, GPRS, CDMA, CDMA2000, WCDMA,

IEEE 802.xx, UMTS, etc.
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[79]

[50]

[51]

[62]

[83]

[54]

Hereafter, the term ‘mobile terminal’ 1s used, but can also be reterred to US (User
Equipment), ME (Mobile Equipment), MS (Mobile Station), and the like. Also, a
mobile terminal can include highly portable devices having communication functions,
such as a portable phone, a PDA, a Smart Phone, a notebook/laptop computer, etc., as
well as less portable devices, such as personal computers (PC), vehicle mounted
devices, and the like.

The technical terms and phrases used herein are used to describe tfeatures in
particular embodiments, and are not meant to limit the concepts ot the present
invention. Also, 1t a technical term herein 1s not specitically detined in a diftferent
manner, such will be interpreted to have the meaning that one of ordinary skill in the
art would understand, without an excessively broad or excessively narrow 1nter-
pretation. If any terms herein have been erroneously used or not completely technically
accurate, then such terms may be clarified or interpreted as those skilled in the art
would deem appropriate. Also, certain general terms used herein shall be interpreted
according to their dictionary meaning, or interpreted in view of the context without
being construed too narrowly.

Also, any words or phrases used herein in the singular may be interpreted to cover
their plurality, unless clearly described to the contrary. The word “including” or
“comprising’’ or the like should not be interpreted to mean that the various elements or
steps always need to be present. Some elements or steps may not need to be present, or
additional elements or steps may also be present.

The words “first” or “‘second” or other terms that connote an order or sequence may
be used to describe various ditferent elements or steps to provide distinguishing
therebetween, unless specitied that the numerical order 1s of some significance. For
example, without exceeding the scope of the present invention, a first element can also
be explained as a second element, while a second element can also be explained as a
first element.

For any description about one element being “‘connected to” or “‘connected with™ or
the like, with respect to another element, a direct connection may be possible or an 1n-
termediate element may exist between the two elements. On the other hand, if two
elements are described to be “directly” connected together, this may mean that no other
elements exists therebetween.

Hereatter, with retference to the attached drawings, some embodiments will be
explained, and regardless of the reference numbers 1n the drawings, some elements
may be labeled with the same reference numbers and any repetitive explanations may
have been omitted merely for the sake of brevity. Also, certain aspects of the related or
conventional art, which may be a basis for the present invention, may have not been

explained but could be understood by those skilled i1n the art. The teatures shown 1n the
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[85]

[56]

[87]

(53]

[89]

[90]

[91]

[92]

attached drawings are merely depicted to improve the understanding of the present
invention and should not be interpreted to limit the teachings ot the present invention.
As such, various modifications, changes, equivalents and replacements are part of the
inventive teatures described throughout this description.

Figure 7 shows an example ot a tlowchart that depicts a PDCP Status Report
procedure of the present invention. It can be understood that the total number of SDUSs,
starting trom the SDU atter the first missing PDCP SDU and up to the last received
out-of-sequence PDCP SDU, are counted and a corresponding number of bits are
allocated to the length of the Bitmap tield. Thus, in the present invention, with respect
to the RB established to transmit the PDCP status report message, when allocating the
length ot the Bitmap field of the PDCP Status PDU in the PDCP status report message,
the first missing PDCP SDU 1is not considered, but the SDU after the first missing
PDCP SDU and up to the last recerved out-of-sequence PDCP SDU.

First, the PDCP layer receives, from an upper layer, a PDCP re-establishment request
with respect to a radio bearer (RB)(S110). Here, the PDCP re-establishment request
may occur tor a handover situation of a mobile terminal.

Then, for the RB, 1t 1s checked to see if there are any non-sequential (or out-
of-sequence) PDCP SDUs that were stored (S120).

It so, the value ot the sequence number (SN) of the first not receitved PDCP SDU 1s
used to set the FMS field of the PDCP Status PDU (S130).

Also, the total number of PDCP SDU not received (1.e. missing PDCP SDUs) 1s de-
termined, and checked to see 1f such exceeds 1 (S140). If the total number 1s 1 or less,
the Bitmap field is not included 1n the PDCP Status PDU (S170). However, as an al-
ternative, the Bitmap field can be set according to procedure S150 and included.

It the total number exceeds 1, then within a range defined from the very next SDU
right after the first not received PDCP SDU up to the last received PDCP SDU (in
other words, among the non-sequentially received PDCP SDUs, the PDCP SDU
having the highest sequence number, namely, the last out-ot-sequence PDCP SDU),
the total number of PDCP SDUs within such range 1s obtained and the same number of
bits 1in the Bitmap field is set as its length (S150).

In other words, a Bitmap field having a length in bits that 1s equal to the total number
of PDCP SDUs (Sequence Numbers) from and not including the first missing PDCP
SDU up to and including the last out-of sequence PDCP SDU 1s allocated.

Here, the number of bits 1s rounded up by multiples ot 8, in order to determine the

length ot the Bitmap field. When obtaining the total number, the counting can be based

on the PDCP SDUs or the PDCP PDUs. When PDCP PDUs are to be used, then the
number of PDCP Control PDUs i1s excluded, and only the number of PDCP Data PDU s

1S used.
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93]

[94]

[95]
[96]

[97]

93]

[99]
[100]

[101]

[ 102]

In the above procedure (S150) for setting the length ot the Bitmap field, the first not
received PDCP SUD 1s excluded from consideration, but the last out-of-sequence
PDCP SDU 1s considered. Alternatively, the last out-of-sequence PDCP SDU may
sometimes be excluded, because such 1s successtully received and always set to 1. In
such case, the PDCP SDU just before the last out-of-sequence PDCP SDU is
considered.

Thereatter, based 1n the Bitmap tield length, the Bitmap tield 1s filled and the
transmitted (S160). Here, the Bitmap tield has a first position bit containing 1n-
formation tor a PDCP SDU having a sequence number equal to FMS field value + 1,
which 1s set to 1 1s successtully received or set to O 1s not successtully received. As
such, the Bitmap field has an Nth position bit containing information for a PDCP SDU
having a sequence number equal to FMS field value + N, which 1s set to 1 1s suc-
cesstully received or set to 0 1s not successtully received.

This can be described in terms of the following Table:

Table 1
[Table 1]
Bit Description
0 Sequence Number = FMS field value + Bitmap, corresponding bit

position N value for PDCP SDU modulo 4096 was not successfully
received at receiver. The Nth bit position is N in Bitmap field. l.e. the
first bit position of Bitmap field is 1.

1 Sequence Number = FMS field value + Bitmap, corresponding bit
position N value for PDCP SDU modulo 4096 was successfully received

at receiver and no need for retransmission. The Nth bit position is N in
Bitmap field. |.e. the first bit position of Bitmap field is 1.

As described thus far, according to the present invention, the first position bit of the
BitMap field 1s used to inform about whether the PDCP SDU (having a sequence
number corresponding to the FMS tield value + 1) was successtully received or not.

Also, according to the present invention, only when there are 2 or more PDCP SDUs
that were not successtully received, by including the BitMap tield into the PDCP
Status Report message, radio resources can be effectively used.

Figure 8 shows another example ot generating a PDCP Status PDU.

As shown 1n (a) of Fig. 8, among the sequential SDUs having sequence numbers
from 3 through 12, the receiver lower layer received SDUs of 3.,4,7.8,12, while SDUs
of 5,6,9,10,11 were not received

In such case, as shown 1n (b) of Fig. 8, according to the method ot the present
invention, the mobile terminal PDCP layer sets 5 into the EMS tield, 5 being the
sequence number of the first missing (not received).

Also, tor the SDU after the first not received SDU, starting from such SDU having a
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| 103]

[ 104]

[ 105]

[ 106]

[107]

| 108]

| 109]

[110]

[111]

sequence number of 6 up to the last received non-sequential (or out-of-sequence) SDU
having a sequence number of 12 (because, SDUs 7,8 are received, and SDU12 1s
received), because the needed bits are 7 bits, upon rounding up to the 8 bit level, the
Bitmap field length 1s set to 8 bits.

Also, the mobile terminal PDCP layer indicates whether reception of each SDU
having sequence numbers 6 through 12 was successtully, and expressed by the bits of
the Bitmap field. Here, such Bitmap field would have set 01100010.

Here, the bit at the first position of the Bitmap field indicates whether the PDCP
SDU having SN=6 was successtully received or not.

Figure 9 shows another embodiment about the PDCP Status PDU generating
procedure.

As shown 1n (2) of Fig. 9, among the sequential SDUs having sequence numbers 3
through 13, 1t 1s assumed that the lower layer of the receiving mobile terminal received
SDUs 3~12, and SDU 13 1s not rece1ved.

As such, as shown 1n (b) of Fig. 9, the PDCP layer ot the mobile terminal sets into
the FMS field, the sequence number 13 of the tirst not received SDU (S130).

Also, because 1t 1s found that the number of not received PDCP SDUs does not
exceed 1 (S140), the Bitmap field 1s not included into the PDCP Status PDU (S170).

Reterring back to Fig. 7, it was explained that alternatively, the Bitmap tield could be
included 1n the PDCP STATUS PDU. If reception 1s made as 1n (a) of Fig. 9, and the
PDCP STATUS PDU includes the Bitmap tield, in the procedure tor setting the length
of the Bitmap field (S150), the last received out-ot-sequence PDCP PDU can also be
excluded trom consideration. This 1s because the last received out-ot-sequence PDCP
PDU 1s always 1n sequence with the sequence number of the PDCP SDU with
successtul reception, such information can be indirectly included and informed. In
such case, the procedure tfor setting the length ot the Bitmap field (S150) may be
modified as tollows.

The total number of PDCP SDUs having a sequence number within a range
beginning trom the PDCP SDU that has a sequence number that 1s immediately atter
that of the first not received PDCP SDU among the received out-of-sequence PDCP
SDUs, and up to the PDCP SDU having a sequence number just prior to the last out-
of-sequence PDCP SDU having the highest sequence number 1s obtained, and the
Bitmap field size 1s set the have the same number of bits as the obtained total number
of PDCP SDUs. Namely, when setting the Bitmap length, the first not received PDCP
SDU 1s excluded trom consideration and the last received out-of-sequence PDCP SDU
1s also excluded.

The method of the present invention explained thus tar can be implemented 1n

software, hardware, or a combination thereot. For example, the method of the present
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[112]

[113]

[114]

[115]

invention can be implemented as codes or commands of a software program that can
be executed by a processor (CPU), and can be saved 1n a storage medium (e.g.

memory, hard disk, etc.).
Certain aspects for the method of the present invention may be implemented 1n a

mobile terminal or network entity (such as the RNC or Node B of Fig. 1). The mobile
terminal or network entity may include the protocols ot Figs. 2 and 3, as can be un-
derstood by those skilled 1n the art.

Thus tar, some exemplary embodiments ot the present invention have been
described, but such embodiments are not meant to limit the features described herein.
As such, all reasonable and various moditications, changes, improvement and

variations are part of the present invention.

Industrial Applicability

The teatures and concepts herein are applicable to and can be implemented 1n various
types ot user devices (e.g., mobile terminals, handsets, wireless communication
devices, etc.) and/or network entities that can be contigured to support a method tor
transmitting PDCP status reports.

As the various concepts and features described herein may be embodied 1n several
forms without departing tfrom the characteristics thereot, it should also be understood
that the above-described embodiments are not limited by any ot the details of the
foregoing description, unless otherwise specitied, but rather should be construed
broadly within its scope as defined in the appended claims. Theretore, all changes and
modifications that fall within such scope or equivalents thereot are therefore intended

to be embraced by the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method comprising:

processing (S110), by a PDCP (Packet Data Convergence Protocol) entity
located between upper layers and lower layers, PDCP data units received from

the lower layers after a PDCP re-establishment is requested from the upper

layers;

compiling (S120-S150, S170), by the PDCP entity, a PDCP status report by

setting an FMS (First Missing Sequence number) field to a PDCP sequence
number of a first missing PDCP SDU (Service Data Unit);

if there 1s at least one out-of-sequence PDCP SDU stored, allocating a bitmap

field of length in bits equal to the number of PDCP SNs from and not including

the first missing PDCP SDU up to and including the last out-of-sequence PDCP
SDUs, rounded up to the next multiple of 8,

indicating a ‘0’ in corresponding positiohs of the bitmap field for all PDCP

SDUs that have not been received as indicated by the lower layers, and

indicating a ‘1’ in corresponding positions of the bitmap field for all other PDCP
SDUs; and

sending (5160), from the PDCP entity to the lower layers, the PDCP status
report as a PDCP PDU (Protocol Data Unit) for transmission.

2. The method of claim 1, wherein the compiling step is performed if a radio bearer is

contigured by the upper layers to send the PDCP status report via uplink transmission.
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The method of claim 1, wherein the step of indicating a ‘0’ in corresponding positions

of mn the bitmap field is optionally also performed for PDCP SDUs for which

decompression has failed.

The method of claim 1, wherein the steps are performed for RI.C (Radio Link Control)
AM (Acknowledged Mode).

The method of claim 1, wherein the PDCP re-establishment occurs for handover (HO)

situations.

The method of claim 1, wherein the PDCP status report as the PDCP PDU is a PDCP
Control PDU with a format including a D/C (Data/Control) field of 1 bit, followed by a

PDU Type field of 3 bits, followed by the FMS field of 12 bits, and optionally followed
by the bitmap field of 8 bits or a multiple thereof.

A method comprising:

receiving, by a PDCP (Packet Data Convergence Protocol) entity located
between upper layers and lower layers, a PDCP status report as a PDCP PDU
(Protocol Data Unit) transmitted from a peer PDCP entity at a transmitting side,

sald PDCP status report generated in the peer PDCP entity at the transmitting
side by:

processing PDCP data units (S110) received from the lower layers at the
transmitting side after a PDCP re-establishment 1s requested from the

upper layers at the transmitting side,

compiling (S120-S150, S170) the PDCP status report by setting an FMS
(First Missing Sequence number) field to a PDCP sequence number of a

first missing PDCP SDU (Service Data Unit),
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it there 1s at least one out-of-sequence PDCP SDU stored, allocating a
bitmap tield of length in bits equal to the number of PDCP SNs from and
not including the first missing PDCP SDU up to and including the last
out-of-sequence PDCP SDUSs, rounded up to the next multiple of 8,

indicating a ‘0’ in corresponding positions of the bitmap field for all
PDCP SDUs that have not been received as indicated by the

lower layers at the transmitting side, and

indicating a ‘1’ in corresponding positions of the bitmap field for all

other PDCP SDUs; and

sending (S160) the PDCP status report from the peer PDCP entity at the

transmitting side; and

processing the PDCP status report received from the peer PDCP entity at

the transmitting side.

The method of claim 7, wherein the compiling step is performed by the peer PDCP
entity at transmitting side if a radio bearer i1s configured by the upper layers to send the

PDCP status report via uplink transmission.

The method of claim 7, wherein the step of indicating a ‘0’ in corresponding positions
of in the bitmap field 1s optionally also performed by the peer PDCP entity at
transmitting side for PDCP SDUs for which decompression has failed.

The method of claim 7, wherein the steps are performed for RLC (Radio Link Control)
AM (Acknowledged Mode).

The method of claim 7, wherein the PDCP re-establishment occurs for handover (HO)

situations.
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The method of claim 7, wherein the PDCP status report as the PDCP PDU is a PDCP
Control PDU with a format including a D/C (Data/Control) field of 1 bit, followed by a
PDU Type field ot 3 bits, followed by the FMS field of 12 bits, and optionally followed
by the bitmap field of 8 bits or a multiple thereof.

An apparatus comprising:

a PDCP (Packet Data Convergence Protocol) entity at a transmitting side;
upper layers located above the PDCP entity in a radio interface protocol stack;

and

lower layers located below the PDCP entity in the radio interface protocol stack,

wherein the PDCP entity at the transmitting side is configured to perform the

steps of,

processing PDCP data units (S110) received from the lower layers after a

PDCP re-establishment 1s requested from the upper layers;

compiling (S120-S150, S170) a PDCP status report by, setting an FMS
(First Missing Sequence number) field to a PDCP sequence number of a

first missing PDCP SDU (Service Data Unit),

1t there 1s at least one out-of-sequence PDCP SDU stored, allocating a

bitmap tield of length in bits equal to the number of PDCP SNs from and
not including the first missing PDCP SDU up to and including the last
out-of-sequence PDCP SDUSs, rounded up to the next multiple of 8,



14.

CA 02715986 2012-11-15

18

indicating a ‘0’ in corresponding positions of the bitmap field for all

PDCP SDUs that have not been received as indicated by the lower

layers, and

indicating a ‘1’ in corresponding positions of the bitmap field for all

other PDCP SDUs; and

sending (S160), to the lower layers, the PDCP status report as a PDCP

PDU (Protocol Data Unit) for transmisston.

An apparatus comprising:

a PDCP (Packet Data Convergence Protocol) entity at a receiving side;

upper layers located above the PDCP entity in a radio interface protocol stack;

and

lower layers located below the PDCP entity in the radio interface protocol stack,

wherein the PDCP entity at the receiving side 1s configured to perform the steps

of,

recetving a PDCP status report as a PDCP PDU (Protocol Data Unit)

transmitted from a peer PDCP entity at a transmitting side,

saild PDCP status report generated in the peer PDCP entity at the

transmitting side by, processing PDCP data units( S110) received from
the lower layers at the transmitting side after a PDCP re-establishment i1s

requested from the upper layers at the transmitting side,
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compiling (S120-S150, S170) the PDCP status report by setting an FMS

(First Missing Sequence number) field to a PDCP sequence number of a

first missing PDCP SDU (Service Data Unit),

if there 1s at least one out-of-sequence PDCP SDU stored, allocating a
bitmap field of length in bits equal to the number of PDCP SNs from and
not including the first missing PDCP SDU up to and including the last
out-of-sequence PDCP SDUs, rounded up to the next multiple of 8,

indicating a ‘0’ in corresponding positions of the bitmap field for all
PDCP SDUs that have not been received as indicated by the lower layers

at the transmitting side, and

indicating a ‘1’ in corresponding positions of the bitmap field for all

other PDCP SDUs; and

sending (S160) the PDCP status report from the peer PDCP entity at the

transmitting side; and

processing the PDCP status report received from the peer PDCP entity at

the transmitting side.
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