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[0001] METHOD AND APPARATUS FOR ENHANCING
VARIOUS PDCP AND LAYER 2 OPERATIONS

[0002] FIELD OF INVENTION

[0003] This invention is related to wireless communications and apparatus.
[0004] BACKGROUND

[0005] Conducting wireless communications using equipment that employ

defined protocol stacks are known in the art. Figure 1 shows a conventional user
plane protocol stack in a wireless transmit receive unit (WTRU) and a network
element (e.g., an evolved Node-B (eNodeB or eNB), in a third generation
partnership project (3GPP) long term evolution (LTE) system. The WTRU
includes a packet data convergence protocol (PDCP) layer, a radio link control
(RLC) layer, a medium access control (MAC) layer and a physical layer. The eNB
includes a PDCP layer, an RLC layer, a MAC layer and a physical layer.

[0006] Figure 2 shows a control plane stack in a WITRU and a network
element, e.g., an eNB and a mobility management entity (MME), in the 3GPP
LTE system. The WTRU includes a non-access stratum (NAS) layer, a radio
resource control (RRC) layer, a PDCP layer, an RLC layer, a MAC layer, and a
physical layer. The eNB includes an RRC layer, a PDCP layer, an RLC layer, a
MAC layer, and a physical layer, and the MME includes an NAS layer.

[0007] In the protocol stack for the control-plane, the PDCP layer
(terminated in an E-UTRAN Node B (eNB) on the network side) performs
ciphering and integrity protection for the control plane (RRC). The RRC layer
performs functions such as broadcast, paging, RC connection management, Radio
bearer (RB) control, and mobility functions.

[0008] The non-access stratum (NAS) control protocol (terminated in
mobility management entity (MME) on the network side) performs functions
including EPS bearer management, Authentication, LTE_IDLE mobility
handling, Paging origination in LTE_IDLE, and Security control.

[0009] The main services and functions of the PDCP sublayer include

header compression and decompression, using robust header compression
-1-
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(ROHC), and transfer of user data, typically formatting data into packet data
units (PDUs) and/ or service data units (SDUs). Generally in connection with the
transmission of user data, the PDCP layer receives a PDCP SDU from the
network layer (e.g., Internet Protocol (IP)) and forwards it to the RLC layer and
vice versa. Reordering of the downlink RLC SDUs during inter-eNB mobility, in-
sequence delivery of upper layer PDUs at handover (HO) in the uplink (e.g. using
fast session setup (FF'S)), duplicate detection of lower layer SDUs, and ciphering
of user plane data and control plane data (NAS Signalling) are also functions of
the PDCP layer.

[0010] Figure 3 shows a depiction of a PDCP PDU structure which includes
a PDCP SDU and a PDCP header (the PDCP header can be either 1 or 2 bytes
long). Figure 4 shows a flow diagram of the PDCP operations, transmitting and
receiving. The transmitting PDCP entity assigns sequence numbers (SN) to
upper layer PDUs (i.e., PDCP SDU) on a per-RB basis. Packets that are
internally generated within the PDCP sub-layer, such as ROHC feedback
packeté, are not be assigned an SN.

[0011] The transmitting PDCP layer then performs ROHC header
compression for user-plane traffic (ROHC-transmission control protocol (ROHC-
TCP) and ROHC-RTP/UDP/IP will be supported). Integrity protection is then
performed. For control-plane traffic, the SDU SN assigned by the PDCP sub-
layer is utilized. Packets that are internally generated within the PDCP layer,
such as ROHC feedback packets, will not be integrity-protected. Ciphering is
then performed. The transmitting PDCP layer then attaches the PDCP header
and sends the PDCP PDU to the RLC layer.

[0012] When a PDCP PDU is received, the receiving PDCP layer checks
whether the PDU is control or data, and forwards it to the proper function, e.g.,
ROHC feedback packets are sent to the ROHC function. Deciphering is then
performed utilizing the SDU SN assigned by the PDCP sub-layer along with the
HFN, which is calculated using an “HFN delivery function” that can handle out-

of-order reception
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[0013] The receiving PDCP layer then checks for integrity for control-plane
traffic. It should be noted that the integrity checking could be performed before or
after deciphering. ROHC header decompression and duplicate detection,
utilizing the SDU SN assigned by the PDCP layer, is then performed. The PDCP
layer then performs reordering and delivers the PDCP SDUs in-sequence to
upper layers.

[0014] During inter-eNB handover (HO) to a target eNB, a source eNB
forwards all downlink PDCP SDUs with their SN that have not been
acknowledged by the WTRU to the target eNB. The target eNB re-transmits and
prioritizes all downlink PDCP SDUs forwarded by the source eNB. The source
eNB then forwards uplink PDCP SDUs successfully received in-sequence to the
system architecture evolution (SAE) Serving Gateway, and forwards uplink
PDCP SDUs received out-of-sequence to the target eNB with their SN. The
WTRU re-transmits the uplink PDCP SDUs that have not been successfully
received by the source eNB. An example HO procedure is illustrated in Figure 5,
and shows various RRC signaling messages such as the HO Command and the
HO Confirm.

[0015] The PDCP sub-layer then buffers the PDCP SDUs in order to be
able to retransmit any un-received SDUs (e.g., during handover situations). In
the uplink, the transmitting PDCP entity in the WTRU needs to retransmit the
SDUs that were not acknowledged by the PDCP Status Report received from the
Target eNB for example. In the downlink, the transmitting PDCP entity in the
Source eNB forwards the SDUs that were not acknowledged to the Target eNB.
The Target eNB retransmits the SDUs that were not acknowledged by the PDCP
Status Report received from the WTRU for example. A PDCP status report is
used to convey the information on missing or acknowledged PDCP SDUs (or
PDUs) at handover. Status reports are sent from the receiving PDCP layer to the
transmitting PDCP layer.

[0016] A PDCP mover receive window (MRW) message is used to convey

the information on PDCP SDUs (or PDUs) that can not be retransmitted by the
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transmitting PDCP entity. MRW messages are sent from the transmitting PDCP
entity to the receiving PDCP entity.

[0017] In Universal Mobile Telecommunications System (UMTS) releases,
two PDCP-DATA primitives are allowed, namely, a PCDP-DATA-Req and PDCP-
DATA-Ind. The PDCP-DATA-Req is used by upper user-plane protocol layers to
request a transmission of an upper layer PDU. The PDCP-DATA-Ind is used to
deliver to upper user plane protocol layers a PDCP SDU that has been received.
The PDCP does not support any confirmation primitives.

[0018] Furthermore, the RLC sub-layer has its own transmit buffer (i.e., in
the RLC transmitting entity). This means that there are at least two transmit
buffers in Layer 2, one at the PDCP layer and the other at the RLC layer.
[0019] RLC SDU discard is included in one of the functions of the RLC
functions disclosed above. The triggers to initiate SDU discard by the RLC
include SDU discard timer expiration. An Acknowledged Mode (AM) RLC layer
polls its peer AM RLC layer in order to trigger RLC STATUS reporting at the
peer AM RLC layer. Triggers to initiate polling include the transmission of last
data in the buffer.

[0020] Enhancing the interaction between layers in the protocol stack is
needed for better reliability and performance. Therefore, a method and
apparatus are needed to enhance the operation and interaction of layers in

protocol stacks in the user and control planes.

[0021] SUMMARY

[0022] A method and apparatus for enhancing certain packet data
convergence protocol (PDCP) and Layer 2 operations is disclosed. A PDCP sends
an indication of the successful or unsuccessful delivery of a data unit forwarded
to it from an upper layer. The status indication from the PDCP may be in

response to a direct request from the upper layer or sent automatically.
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[0023] BRIEF DESCRIPTION OF THE DRAWINGS
[0024] A more detailed understanding of the invention may be had from the
following description, given by way of example and to be understood in

conjunction with the accompanying drawing(s) wherein:

[0025] Figure 1 shows an LTE user-plane protocol stack;

[0026] Figure 2 shows a control-plane protocol stack;

[0027] Figure 3 shows a packet data convergence protocol (PDCP) packet
data unit (PDU) structure;

[0028] Figure 4 shows a functional view of a PDCP sub-layer;

[0029] Figure 5 shows an example handoff procedure;

[0030] Figure 6 shows example transmitting and receiving entities

configured to implement the disclosed method; and

[0031] Figure 7 shows an example flow diagram of the disclosed method.
[0032] DETAILED DESCRIPTION
[0033] When referred to hereafter, the terminology wireless

transmit/receive unit (WTRU) includes but is not limited to a user equipment
(UE), a mobile station, a fixed or mobile subscriber unit, a pager, a cellular
telephone, a personal digital assistant (PDA), a computer, or any other type
of device capable of operating in a wireless environment. When referred to
hereafter, the terminology base station includes but is not limited to a Node-B,
evolved Node-B (eNB), a site controller, an access point (AP), or any other type of
interfacing device capable of operating in a wireless environment. A base station
is a type of WTRU.

[0034] Figure 6 shows an example user entity 610 (e.g., a WTRU) and a
base station entity 620 (e.g., an eNB). The WTRU 610 and the eNB 620 comprise
a physical layer 612, 622, a medium access control (MAC) layer 614, 624, a radio
link control (RLC) layer 616, 626, a packet data convergence protocol (PDCP)
layer 618, 628, and upper layers, respectively. The upper layers may include a
network layer (e.g., Internet Protocol (IP)), a radio resource control (RRC) layer

613 and a non-access stratum (NAS) layer 611. Each layer of the control-plane
-5-
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and user-plane protocol stacks communicates information to the layer below, and
the layer above, in the stack. It is to be noted that the terms "layer" and "sub-
layer" are interchangeable. Also, the terms "PDCP" alone refers to any one of the
following, a PDCP entity, the PDCP layer, PDCP sub-layer on PDCP
functions/protocol. This is also the case for each of the respective terms MAC,
RLC, RRC and NAS.

[0035] In accordance with a disclosed method and apparatus, in connection
with WTRU transmissions, PDCP 618 forwards a delivery confirmation to the
layers above, for example, RRC 613 in the control plane. As such, a primitive is
used between PDCP and upper layer entities that is defined for confirming the
delivery or discarding of information requested for delivery, e.g., a service data
unit (SDU). An upper layer, such as RRC 613, may use the same signal used to
request transmission of a PDCP SDU, for example, to indicate whether a
Confirmation is required to be sent by PDCP 618 back to the upper layer.
Accordingly, a new primitive is disclosed that is used by PDCP 618 to confirm, to
the requesting upper layer, the delivery of an SDU, or to inform the requesting
upper layer of a discarded SDU. It is to be noted that the term "primitive"
includes, but is not limited to, a signal, an indication or a message. These terms,
therefore, may be used with the term "primitive".

[0036] In accordance with the above, a PDCP-DATA-Req primitive used by
upper user-plane protocol layers to request a transmission of an upper layer
PDU, includes a Confirmation Request (CNF) parameter that indicates whether
the transmitting side of PDCP 618 needs to confirm the reception of the PDCP
SDU. A Discard information Request (DiscardReq) parameter may also be
included that indicates whether the transmitting side of the PDCP needs to
inform the upper layers of a discarded PDCP SDU.

[0037] A PDCP-DATA-Conf signal can then be used by the PDCP 618 to
confirm to upper layers the reception of a PDCP SDU by a peer PDCP 628, or to
inform the upper layers of a discarded SDU. The PDCP-DATA-Conf signal may
include the identity of the PDCP SDU, which is used to indicate which PDCP
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SDU is being confirmed or discarded, and the status of the PDCP SDU, i.e,,
whether confirmed or discarded.

[0038] Figure 7 shows an example flow diagram of the disclosed method for
delivering a confirmation to a requesting upper layer by a PDCP 618. PDCP 618
receives a signal from RRC 613 requesting the delivery of a PDU to a receiving
entity 620 (step 700). The PDU from RRC 613 may include an indication of
whether a confirmation is required or not, which can be signaled by defining new
parameters for primitives, such as defining a new parameter that is included in
the PDCP primitive (e.g., PDCP-Data-Req), or for any other primitive used
between PDCP and upper layers.

[0039] Upon receipt of the PDU, PDCP 618 determines if the PDU should
be discarded. Ifthe PDU is not discarded by PDCP 618, a PDCP SDU is provided
to RLC 616 (step 701). PDCP 618 then determines whether the SDU was
successfully delivered based at least in part on a delivery status signed from RLC
616 (step 702). The RLC signal from RLC 616 may indicate the successful
delivery of the SDU, the discarding of the SDU by the RLC.

[0040] Upon receiving the delivery status signal from RLC 616, PDCP 618
submits a status signal to RRC 613 (step 703). For example, a positive status
signal submitted to RRC 613 may represent the successful delivery of the SDU.
A negative status signal may represent the discarding of the SDU by RLC 616 or
by PDCP 618, or the failure to receive a successful delivery indication from RLC
616.

[0041] Upon receiving the confirmation, the upper layer (e.g., the RRC)
reacts accordingly. For example, in the case of a negative status indication (e.g.,
a discard), RRC 613 may use such information to conduct retransmissions by
various RRC procedures, and/or affect various RRC timer values. In the case of
positive confirmation (e.g., confirming packet reception by the receiving side),
RRC 613 may use such information to proceed faster to the next step(s) or
phase(s) of its various RRC procedures, and/or to affect various RRC timer

values.
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[0042] In order to improve reliability for messages such as PDCP Status
Reports, PDCP MRW, RRC messages, handover related signal, or any other
signal, a new RLC Polling Trigger is disclosed whereby an RLC polling bit is set
based on an indication (e.g., a primitive or a parameter in a primitive) from an
upper layer(s). As such, it is disclosed that an upper layer, e.g., the PDCP layer
618, acts as a trigger to initiate RLC polling.

[0043] In accordance with this disclosed method, the transmitting PDCP
618 provides the submitted PDCP PDU (i.e., the RLC SDU) to the RLC entity
616, including an indication of whether a poll is required or not. Such an
indication may be signaled using newly defined parameters for primitives, such
as defining a new parameter for the RLC primitive RLC-AM-Data-Req (which is
used by upper layers e.g., PDCP, to request the transmission of an RL.C SDU), or
for any other primitive that can be used between PDCP entity 618 and RLC
entity 616.

[0044] Upon receiving an indication that a poll is requested, transmitting
RLC 616 sets the polling bit in the header of the RL.C PDU that includes, all or
part of, the relevant SDU in order to trigger RLC STATUS reporting from peer
RLC 626 (e.g., an AM RLC entity). As those having skill in the art know, RLC
626 may segment the RLC SDU into multiple PDUs. In this case, RLC 626 sets
the polling bit in the header of the RLC PDU that includes the last segment of
the RLC SDU. Alternatively, the polling bit may be included in the header of the
RLC PDU that includes the first segment of the RLC SDU, any RLC PDU that
includes a segment of the RLC SDU; or all RLC PDUs that include a segment of
the RLC SDU.

[0045] Once the RLC STATUS report is received, transmitting RLC 616
may retransmit the missing packet if loss occurs, thereby increasing the
reliability of transmission for PDCP Status Reports or other control information
submitted by higher layers, since those reported as received.

[0046] In an alternative, rather than explicitly requesting polling, the
primitive parameter may identify control information (e.g., PDCP Control PDUs)
submitted by transmitting PDCP 618 to transmitting RLC entity 616.

_8-
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Transmitting RLC entity 616 then initiates RLC polling for those control packets
received from upper layers.

[0047] As indicated, the polling request may come from any upper layer
other than PDCP 618. Therefore, the polling indication or control indication may
be signaled from an upper layer (e.g., RRC 713) to PDCP 718, which then delivers
the indication to RLC 716. For example, the primitive PDCP—Data—Req can be
enhanced to support a Polling indication or a Control-traffic indication. Hence, an
upper layer (e.g., RRC) that uses the primitive PDCP-Data-Req can specify
whether polling is required or the type of information. PDCP 618 then
communicates this to RLC 616 via the primitive RLC-AM-Data-Req, for example,
which initiates the polling mechanism by RLC 616.

[0048] As described in the Background section above, the PDCP MRW
procedure is used by transmitting PDCP 618 to notify receiving PDCP 628 to
move receiving PDCP entity’s 628 receive window when certain packets are no
longer available in the PDCP transmit buffer, for example.

[0049] A method is disclosed, wherein the generation of the PDCP MRW
message is triggered by one or more of an RLC reset or re-establishment; an
handover event; or a signal (e.g., a new primitive or parameter) from RRC 616 to
PDCP 718.

[0050] In accordance with this method, in a WTRU or eNB, if transmitting
RLC 616 or RRC 613 signals that the RLC is reset or re-established, or that a
handover event occurred, or a primitive requesting the generation of a PDCP
MRW message is provided to transmitting PDCP 618, transmitting PDCP 618
generates the PDCP MRW and sends it to peer PDCP entity 628.

[0051] As with PDCP MRW messages, a method is disclosed where a
trigger for generating a PDCP status report message may be signaled from RRC
613 to PDCP 618 (e.g., a new primitive or parameter). At a receiving node (e.g.,
the WTRU or eNB), a receiving RRC 623 (e.g., RRC entity) may signal a
primitive to receiving PDCP 623 requesting PDCP Status Report generation
upon receipt of this primitive, receiving PDCP entity 628 generates the PDCP
Status Report and sends it to peer PDCP 618. An example primitive may be

9.
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called CPDCP-Status-Req, which again, can be used by RRC 613 to trigger PDCP
618 in the same node to generate a PDCP Status Report.

[0052] In order to enhance the reliability and timeliness of PDCP Status
Reports, the PDCP Status Reports may be included in handover (HO) messages,
such as the HO Command and the HO Confirm. The PDCP status reports may
also be included with any other RRC messages.

[0053] In accordance with a disclosed method, RRC 616 utilizes existing
primitives such as PDCP-DATA-Req, or the like, to request generation of a
PDCP status report. As an example, the primitive PDCP-DATA-Req requests
transmission of a PDU by PDCP 618, such as requesting the transmission of RRC
PDUs that include a HO Command, HO Confirm, or any other RRC message.
Currently a PDCP-DATA-Req only has one parameter associated with this
primitive, which is the Data whose transmission is requested. In this disclosed
method, the PDCP-DATA-Req includes an additional parameter that indicates
whether or not the generation and transmission of a PDCP Status Report is
needed. Such an additional PDCP-DATA-Req parameter may be referred toas a
StatusReportRequest. Additional parameters or information may also be
included, such as the Radio Bearer (RB) identity (or identities) for which a Status
Report(s) is to be generated/transmitted.

[0054] In an alternative method, RRC 613 uses a new primitive to request
the PDCP status report (e.g., CPDCP-Status-Req). As an example, in a WTRU,
RRC 613 generates an RRC message, such as a HO Confirm message. As stated
above, RRC 613 uses the PDCP-DATA-Req primitive to request the transmission
of a message (e.g., the HO Confirm message) and includes the request that a
PDCP Status Report be generated via setting the primitive’s parameter which
indicates to PDCP 618 to generate the report. In this alternative, the RRC entity
713 sends a separate primitive, not associated with the data transmission, such
as the CPDCP-Status-Req, to indicate to PDCP 618 to generate the report.
[0055] PDCP 618, therefore, generates the PDCP Status Report(s) for any
RB where PDCP Status Reports are configured, or for the RB identities specified

in the primitive (if the primitive can specify RB identities).

-10-
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[0056] Another trigger for generating a PDCP Status Report may be used.
As the receiving PDCP entity 728 will need to perform reordering (in-sequence
delivery) for some RB’s, if the PDCP reordering function detects SN gaps (e.g.,
missing SN’s) then that could be used as a trigger for generating a PDCP Status
Report by receiving PDCP 628. This could also be combined with a timer
mechanism. For example, the PDCP Status Report will be generated after X
time units from detecting a missing SN (SN gap). Such a trigger can further
enhance the reliability by providing faster PDCP retransmissions.

[0057] The PDCP Status Reports may be sent on the same RB as the RRC
message (i.e., on a Signaling RB (SRB)). This allows RLC 616 to concatenate the
RLC SDU that includes the RRC message (e.g., HO Confirm message) with the
RLC SDU(s) that include the PDCP Status Report(s).

[0058] Included in the PDCP Status Report (or PDCP Control PDUs in
general), a RB Identity may be specified for which the Status Report corresponds
(i.e., the RB to which the acknowledgement information included in the Status
Report pertains).

[0059] Alternatively, the PDCP Status Reports can be sent on the same
(user-plane) RB for which the Status Report information corresponds (i.e., NOT
on a Signaling RB). Since the Status Report is sent on the same RB to which the
Status Report’s acknowledgement information pertains, the Status Report does
not need to specify the RB ID as part of its contents.

[0060] The MAC multiplexing scheme performs “ordered” multiplexing
whereby it prioritizes the PDUSs received from the control logical channels (or
SRBs) over those from the data logical channels (or RB’s). By doing so, the
additional benefit from having the MAC multiplex the MAC SDU that includes
the RRC message (e.g., HO Confirm message) with the MAC SDU(s) that contain
the PDCP Status Report(s) is realized.

[0061] If PDCP Status Reports are to be sent on their own ‘associated’ RB
in a timely fashion, then PDCP 618 may submit a PDCP PDU to a lower layer,
allowing PDCP 618 to prioritize the transmission of the PDCP Control PDUs
(including the Status Reports) over the transmission of PDCP Data PDUs.

-11-
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Accordingly, the PDCP Status Reports will be transmitted first, which will assist
in ensuring that when the WTRU moves to a target eNB for example, and a
WTRU is granted a transmission opportunity, then the PDCP Status Reports are
sent at the start of the corresponding RB transmissions in the target eNB.
[0062] In another alternative, once a PDCP Status Report is generated,
instead of submitting it directly from PDCP 618 down to RLC 616, the PDCP
Status Report(s) are sent first to RRC entity 613 using a new primitive, such as
CPDCP-StatusReport-Ind. RRC 613, then sends the PDCP Status Report via a
Signaling RB (SRB) back to PDCP 618, and PDCP 618, in turn, sends it down to
RLC 616. As such, the PDCP Status Report flows within the same node as
follows: from PDCP 618 to RRC 613 to PDCP 518 to RLC 616 to transmission.
[0063] The methods disclosed above are applicable to other scenarios which
were not described in the given examples. For example, an eNB (as opposed to
the WTRU) can make use of the methods when sending a PDCP Status Report
along with an RRC message. These same disclosed methods for sending PDCP
Status Reports can also be applied for sending PDCP MRW messages.

[0064] The PDCP 618, in a disclosed method, may transmit multiple copies
of the PDCP Status Report. For example, instead of transmitting only once, a
second transmission of the PDCP Status Report is initiated at a later time.
[0065] Alternatively, the PDCP 618 may conduct retransmissions of PDCP
Status Reports based on delivery or lack thereof, of notifications or confirmations
by lower layers, such as the RLC 616 and/or hybrid automatic repeat request
(HARQ), or based on discard information conveyed by lower layers.

[0066] Where the PDCP 618 receives multiple Status Reports with respect
to WTRU transmissions, for example, indicating multiple negative
acknowledgements for a given packet, if the PDCP 618 still has the PDCP packet
(SDU) stored in its PDCP buffer, the PDCP 618 can retransmit the SDU for an
unlimited number of times, i.e., every time it is indicated as not received by a
PDCP 628, or the transmitting PDCP 618 can retransmit the SDU for a limited

number of times, e.g., only once or Z number of times.
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[0067] If the PDCP 618 still has the PDCP packet (SDU) stored in its
PDCP buffer, but the allowed number of PDCP retransmissions is reached, the
transmitting PDCP 618 can not retransmit the SDU since the SDU will be
discarded upon reaching the allowed (maximum) number of retransmissions.
The PDCP 618 may then explicitly notify the peer PDCP 628 by transmitting a
PDCP MRW message, for example.

[0068] If the PDCP entity 618 does not have the PDCP packet (SDU) stored
in its PDCP buffer, the PDCP entity 618 cannot retransmit the SDU, and
therefore, may explicitly notify the peer PDCP entity 628 by sending it a PDCP
MRW message for example.

[0069] Also, another trigger for discarding a PDCP SDU may be discarding
a PDCP SDU upon reaching a maximum (allowed) number of PDCP
transmissions or retransmissions.

[0070] A method for re-transmission of PDCP SDUs, preferably in uplink
communications, is disclosed. To determine which is a PDCP SDU to retransmit,
the WTRU waits until it receives the PDCP Status Report from the eNB. For
example in HO, the target eNB sends the Status Report. When the transmitting
PDCP entity in the WTRU receives the report, the WTRU analyzes the report
and starts transmission by retransmitting PDCP SDUs that were negatively
acknowledged (i.e., were not received) by the target eNB. Retransmission may be
done in an ordered fashion, where SDUs with the lower SN’s are transmitted
before those with higher SN’s.

[0071] In an alternative, the PDCP Status Report is not provided. For
example, there may or may not be an interface for both the control and user
planes between source and target eNBs (i.e. an X2 interface). If there is no X2
interface between the source and target eNBs, then it may not be possible to
forward PDCP SDUs between eNBs, and therefore, the target eNB may not be
able to construct a proper PDCP Status Report.

[0072] Accordingly, an indication may be added to the HO Command (or to
an RRC message in general), whereby the eNB can indicate to the WTRU

whether or not an X2 interface is available between the Source eNB and the
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Target eNB. The indication included in the HO Command may also indicate
whether or not forwarding of SDUs between Source and Target eNBs is
supported, or whether or not communicating PDCP Status information between
Source and Target eNBs is supported, etc.).

[0073] As another alternative, an indication may be added to the HO
Command, whereby the eNB indicates to the WTRU whether or not a PDCP
Status Report will be sent to the WIRU (e.g., by the Target eNB), or what SDU
retransmission behavior the WTRU should utilize. If the WTRU is notified that
it will not be receiving a PDCP Status Report (e.g., based on the above), or if the
WTRU waits but simply does not receive a Status Report (after waiting an
expected time, or an event occurs such as the reception of a certain RRC message
without the reception of a Status Report), then the WTRU may determine on its
own, utilizing the latest RLC status and/or HARQ status, for example, which
PDCP SDUs need to be retransmitted.

[0074] The WTRU performs either selective retransmissions for those un-
received SDUS, or conducts cumulative retransmissions starting from the first
un-received SDU. Alternatively, the WTRU retransmits everything stored in its
PDCP SDU buffer.

[0075] Retransmission may be done in an ordered fashion, where SDUs
with the lower SN’s are transmitted before those with higher SN’s.

[0076] As an alternative when no status report is provided to the WTRU,
the Source eNB may provide a PDCP Status Report to the WTRU. The Source
eNB sends the WTRU a PDCP Status Report (e.g., along with the HO Command)
always or alternatively, when the Source eNB knows that it not possible for the
Target eNB to send an accurate (up to date) PDCP Status Report e.g., when there
is no X2 interface.

[0077] Once the Source eNB sends the Status Report, and when the
transmitting PDCP entity in the WTRU receives it, the Report is analyzed and
the PDCP SDUs that were negatively acknowledged (i.e., were not received) in
the Source eNB’s PDCP Status Report to the Target eNB. Retransmission may
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be done in an ordered fashion, where SDUs with the lower SN’s are transmitted
before those with higher SN’s.

[0078] In another disclosed method, the WTRU may start uplink
transmission to a Target eNB before it receives the PDCP Status Report from the
Target eNB.

[0079] The WTRU may then utilize the PDCP Status Report transmitted in
the Source eNB (e.g., along with the HO Command for example), and/or the latest
RLC status or HARQ status (e.g., RLC delivery confirmations) information in the
WTRU.

[0080] Accordingly, the WTRU performs selective retransmissions of SDUs
based on this information. The WTRU can also perform cumulative
retransmission or can retransmit everything stored in its PDCP SDU buffer.
[0081] Once the WTRU receives the Target eNB’s Status Report, the
WTRU may refine its retransmission behavior by performing selective
retransmissions for packets (SDUs) specified as un-received by the Target eNB’s
Status Report, and that were not already transmitted in the previous
retransmission phase.

[0082] In another disclosed method, if there is no X2 interface between
Source and Target eNB, and the uplink SDUs cannot be forwarded from Source
eNB to Target eNB, in order to not negatively affect the PDCP reordering
behavior performed by the Target eNB in uplink, PDCP 618 of WTRU 610 may
utilize selective retransmission of SDUs together with the PDCP MRW procedure
to move the PDCP data reception window. This allows the reordering operation
to be optimized while minimizing duplicate PDCP transmissions. In an example,
the transmitting PDCP may rely on a PDCP Status Report transmitted by the
Source eNB, or on RLC status information. Selective retransmission for un-
received (missing) PDCP SDUs is then performed. For SDUs that were indicated
as received (e.g., by PDCP Status Report transmitted by the Source eNB or by
RLC status information), the WTRU utilizes the PDCP MRW procedure to move
the window of the Target eNB and to optimize reordering operations at the target

eNB.
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[0083] Another example of a disclosed method includes a source eNB
providing a PDCP Status Report to the WTRU (e.g., along with HO Command).
Once the WTRU moves to the target eNB, the WTRU performs selective
retransmissions of uplink SDUs based on the information conveyed in the Source
eNB’s PDCP Status Report.
[0084] Upon receiving the target eNB’s PDCP Status Report, the WTRU
optimizes its uplink retransmissions based on the information conveyed in the
Target eNB’s PDCP Status Report. The WTRU will then only retransmit SDUs
one time based on either the Source eNB’s or Target eNB’s Status Reports (i.e., it
will not retransmit the same SDU twice, one for each report).
[0085] Although the above is described for uplink, similar methods may be
applied for downlink transmissions. A preferred WIRU is configured with a
hierarchy of processing layers including RLC, PDCP and RRC layers configured
to implement one or more of the methods described above and/or complementary
report functions for reception of downlink data. A preferred base station or eNB
is configured with a hierarchy of processing layers including RLC, PDCP and
RRC layers configured to implement one or more of the methods described above
either as a source or target node and/or complementary report functions for
downlink transmissions.
[0086] The above methods are applicable even if there are future changes
or modifications to the PDCP or layer 2 functionality. For example, the above still
applies if sequence numbering is done on a per PDCP PDU level instead of PDCP
SDU level.
[0087] Embodiments

1. A method for selectively indicating a transmission status of data
packets within a multi-layer protocol stack of a wireless communication
apparatus:

providing a data packet from an upper layer for transmission to a data
packet convergence protocol (PDCP) layer;

determining in the PDCP layer the status of the transmission of the data

packet; and
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providing to the upper layer a status signal based on the determination.

2. The method of embodiment 1, further comprising:

submitting the packet to a radio link control protocol (RLC) layer for
controlling the transmission of the packet to a receiving entity.

3. The method of embodiment 2, further comprising:

receiving an indication from the RLC layer regarding the status of the
delivery of the packet.

4. The method of embodiment 3, wherein the PDCP layer determines
the status of the packet based at least in part on the RLC layer indication.

5. The method of embodiment 4, wherein the RLC layer indication is
positive if the packet has been successfully delivered to the receiving entity.

6. The method of embodiment 5, wherein a positive status signal is
provided to the upper layer by the PDCP layer.

7. The method as in any of embodiments 1 - 3, further comprising:

the PDCP layer discarding the packet.

8. The method of embodiment 7, wherein a negative status signal is
provided to the upper layer by the PDCP layer.

9. The method as in any preceding embodiments, further comprising
providing a primitive to the PDCP layer from the upper layer, the primitive
including a request for the status signal from the PDCP layer.

10. The method of embodiment 9, wherein the primitive is included in
the data packet.

11. The method as in any preceding embodiment, wherein the upper
layer is a radio resource control (RRC) layer.

12. The method as in any one of the preceding embodiments comprising:
defining a RLC Polling Trigger comprising an RLC polling bit; and
setting the RLC polling bit based on an indication from upper layers.

13. The method as in any one of the preceding embodiments comprising
triggering the generation of a PDCP MRW message by one or more of:

an RLC reset or re-establishment;
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a handover event; and

a signal from the RRC to the PDCP.

14. The method as in any one of the preceding embodiments, comprising
triggering generation of a PDCP status report message by a signal from the RRC
to the PDCP.

15. The method as in any one of the preceding embodiments comprising

sending PDCP status reports in conjunction with an RRC message.

16. The method of embodiment 15 comprising sending the PDCP status
reports on a radio bearer (RB) used to send the RRC message.

17. The method as in any one of embodiments 15 and 16, wherein the
PDCP status report specifies an RB identity for which the status report
corresponds.

18. Themethod as in any one of embodiments 15-17 comprising sending
the status report on the same RB for which the status report information
corresponds.

19. The method of embodiment 18 comprising giving priority to
transmission of the PDCP control PDUs over transmission of PDCP Data PDUs
when a PDCP entity is allowed to transmit or submit a PDCP PDU to a lower
layer.

20. The method as in any one of embodiments 15-19, comprising an
RRC protocol utilizing primitives to indicate whether or not the generation or
transmission of a PDCP Status Report is needed.

21. The method as in any one of embodiments 15-20, comprising:
sending the status report first to the RRC entity; followed by
the RRC entity sending the status report to the PDCP via signaling RB; followed
by
the PDCP sending the status report to the RLC.

22. The method as in any one of embodiments 20 and 21 comprising
specifying, in the status report, an RB identity for which the status report

corresponds.
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23. Themethod as in any one of the preceding embodiments comprising
the PDCP entity transmitting multiple copies of the PDCP status report.

24. The method of embodiment 23 comprising retransmitting the status
report based on one or more of:

a negative delivery notification;

a negative confirmation by lower layers; and

discard information conveyed by lower layers.

25. The method as in any one of the preceding embodiments, further
comprising a transmitting PDCP entity receiving multiple status reports.

26. The method of embodiment 25 comprising the PDCP entity
retransmitting a PDCP SDU packet an unlimited number of times.

27. The method of embodiment 25 comprising the PDCP entity
retransmitting a PDCP SDU packet a limited number of times.

28. The method of embodiment 27 comprising the PDCP entity
explicitly notifying a peer receiving PDCP entity if the allowed limited number of
retransmissions is reached.

29. The method as in any one of embodiments 25-27 comprising the
PDCP entity explicitly notifying a peer receiving PDCP entity if the transmitting
PDCP entity does not have the PDCP packet stored in its PDCP buffer.

30. The method as in any one of embodiments 25-29 comprising
discarding a PDCP SDU if the allowed limited number of retransmissions is
reached.

31. Themethod as in any one of the preceding embodiments comprising
a wireless transmit-receive unit (WTRU) waiting until it receives a PDCP status
report before deciding which PDCP SDUs it needs to retransmit.

32. The method as in any one of embodiments 1-30 comprising an E-
UTRAN Node B (eNB) indicating to a WTRU via an RRC message whether or not
PDCP status information can be communicated, in the absence of a PDCP status

report.
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33. The method as in any one of embodiments 1-30 comprising an eNB
indicating to a WTRU, in the absence of a PDCP status report,
whether or not a PDCP status report will be sent to the WTRU, or
what SDU retransmission behavior the WTRU should utilize.

34. The method as in any one of embodiments 1-30 comprising a WTRU
starting transmission in a target eNB before it receives the PDCP Status Report
from the target eNB.

35. The method as in any one of embodiments 1-30, further comprising:

a source eNB providing a PDCP Status Report to a WTRU;

the WTRU performing selective retransmissions of uplink SDUs based on
information conveyed in a PDCP Status Report from the source eNB, once the
WTRU moves to the target eNB; and

the WTRU further optimizing its uplink retransmissions based on the
information conveyed in a PDCP status report from the Target eNB, once the
WTRU receives the target eNB’s PDCP status report.

36. The method of embodiment 35, wherein the WTRU will only
retransmit SDUs once based on either of the source eNB’s status report or the
target eNB’s status reports.

37. The method as in any one of embodiments 1-36, wherein sequence
numbering is done a per PDCP PDU level.

38. A wireless transmit/receive unit (WTRU) configured to operate
according to the method of any one of embodiments 1-37.

[0088] Although the features and elements are described in particular
combinations, each feature or element can be used alone without the other
features and elements or in various combinations with or without other features
and elements.

[0089] The methods or flow charts provided may be implemented in a
computer program, software, or firmware tangibly embodied in a computer-
readable storage medium for execution by a general purpose computer or a
processor. Examples of computer-readable storage mediums include a read only

memory (ROM), a random access memory (RAM), a register, cache memory,
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semiconductor memory devices, magnetic media such as internal hard disks and
removable disks, magneto-optical media, and optical media such as CD-ROM
disks, and digital versatile disks (DVDs).

[0090] Suitable processors include, by way of example, a general purpose
processor, a special purpose processor, a conventional processor, a digital signal
processor (DSP), a plurality of microprocessors, one or more microprocessors in
association with a DSP core, a controller, a microcontroller, Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs) circuits,
any other type of integrated circuit (IC), and/or a state machine.

[0091] A processor in association with software may be used to implement
aradio frequency transceiver for use in a wireless transmit receive unit (WTRU),
user equipment (UE), terminal, base station, radio network controller (RNC), or
any host computer. The WTRU may be used in conjunction with modules,
implemented in hardware and/or software, such as a camera, a video camera
module, a videophone, a speakerphone, a vibration device, a speaker, a
microphone, a television transceiver, a hands free headset, a keyboard, a
Bluetooth® module, a frequency modulated (FM) radio unit, a liquid crystal
display (LCD) display unit, an organic light-emitting diode (OLED) display unit,
a digital music player, a media player, a video game player module, an Internet

browser, and/or any wireless local area network (WLAN) module.

* & %
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CLAIMS

What is claimed is:

1. A method for selectively indicating a transmission status of data
packets within a multi-layer protocol stack of a wireless communication
apparatus:

providing a data packet from an upper layer for transmission to a data
packet convergence protocol (PDCP) layer;

determining in the PDCP layer the status of the transmission of the data
packet; and

providing to the upper layer a status signal based on the determination.

2. The method of claim 1, further comprising:
submitting the packet to a radio link control protocol (RLC) layer for

controlling the transmission of the packet to a receiving entity.

3. The method of claim 2, further comprising:
receiving an indication from the RLC layer regarding the status of the

delivery of the packet.

4. The method of claim 3, wherein the PDCP layer determines the
status of the packet based at least in part on the RLC layer indication.

5. The method of claim 4, wherein the RLC layer indication is positive

if the packet has been successfully delivered to the receiving entity.

6. The method of claim 5, wherein a positive status signal is provided

to the upper layer by the PDCP layer.

7. The method of claim 3, further comprising:
the PDCP layer discarding the packet.
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8. The method of claim 7, wherein a negative status signal is provided

to the upper layer by the PDCP layer.

9. The method of claim 1, further comprising providing a primitive to
the PDCP layer from the upper layer, the primitive including a request for the
status signal from the PDCP layer.

10. The method of claim 9, wherein the primitive is included in the data

packet.

11. The method of claim 1, wherein the upper layer is a radio resource
control (RRC) layer.

12. A wireless transmit receive unit (WTRU) comprising:
a hierarchy of processing layers configured to implement a protocol stack
for selectively transmitting and receiving data;

the protocol stack including:

an upper layer; and

a packet data convergence protocol (PDCP) layer configured to
receive data packets from the upper layer for transmission via lower
layers, to subsequently determine the status of the packets and to provide

the upper layer a status signal based on the determination.

13. The WTRU of claim 12 wherein the protocol stack further includes a
radio link control (RCL) layer configured to receive the packets from the PDCP

layer and to control the transmission of the packets to a receiving entity.
14. The WTRU of claim 12 wherein the PDCP layer is configured to

receive a primitive from the upper layer, the primitive including a request to

receive the status signal from the PDCP.
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15. The WTRU of claim 14 wherein the primitive is included in the data
packets.

16. The WTRU of claim 13 wherein the PDCP layer is configured to
determine the status of data packets using an indication from the RLC layer

regarding the status of the delivery of the packet.

17. The WTRU of claim 16 wherein the RLC layer is configured to

provide a positive indication if a data packet has been successfully delivered.

18. The WTRU of claim 16 wherein the status signal is negative when
delivery of the packet by the RLC has failed.

19. The WTRU of claim 13, wherein the PDCP layer is configured to
selectively discard data packets received from the upper layer and to determine

the status of a data packet as negative when the PDCP discards the packet prior.

20. The WTRU of claim 12 configured as a User Equipment for a third
generation partnership project (3GPP) long term evolution (LTE) system.

-24-



PCT/US2008/078357

WO 2009/046041

1/7

PDCP
RLC
MAC
PHY

1 Tens
|
|
l
|
|
|
|
I
L L]

PDCP
RLC
MAC
PHY

PRIOR ART
FIG. 1



PCT/US2008/078357

WO 2009/046041

2/7

r-r—-—— - """""¥"/"¥7”7"¥7/ /07— T
_

|

_

| 2

_ Z

_

Ll

z 4

R I i
I B
_ |
_ ~
_ o |
| el o1 19l (2] |1
_ o o o = ol |
_ _
| o A A A A A |
| 5 ~
| I I I AU SR NI SO J
r——r——"T7T—7T" "1 17 "7 ]
| _
| _
I o |
el el (18] sl gl E]
| = o e o = all
S _
| oz |
s |

PRIOR ART

FIG. 2

PDCP SDU

PDCP HEADER

PDCP PDU

PRIOR ART

FIG. 3



PCT/US2008/078357

WO 2009/046041

3/7

¥ "Old

18V ¥O0l¥d
(nN) 3DV4YIINI Olavy

_ ¥3AvAH d0dd JAOWIY _ ¥3avaH 40ad aav
A
M (AINO 3NV1d—=D) (S44) m (KINO 3NV1d—D) (S44)
B NOILOILOYd ALIMOIINI <|_ NOILOALO¥d ALIMO3INI
o5 Sla
> 721
i _ ONI¥3IHJIO3AA Lo _ ONIYIHJIO
o S
Sl Q|-
2 (AINO 3INVId—0) (S44) < (AINO 3NVId—0) (S44)
=l NOILO3LOYd ALIMOILNI m o NOILOILOMd ALIMOILNI
> A x A
— @)
m nas 4204ad v < Nds 420ad Vv
OL d3LVID0SSY 13Movd OL Q3LVIDOSSY 13X0ovd

NOISS3IddN0O3d d3dV3IH

(XINO 3INVId—nN)
NOISSTHUANOD ¥3AVIH

(XINO 3NVId—N)

(S44 AINO
ANVId—N) ONIYIAAH03Y

ONIYIEGNNN FONINO3S

ALILNT d40dd
ONIAIFO3Y

ALIINI d2ad
NYLM/GN® ONILLINSNVHL aNe/NyIm




PCT/US2008/078357

WO 2009/046041

4/7

VS "9l as ‘94 ol
14V H4OINd
 ONIGNVMNO4 A
vivd
aNe 1394Vl T30 MIN
OL SLIMNOVd OL 3ZINOMHONAS
1ISNVHL NI ANV aNvy 1130
Q3434408 ¥3IAN3A| |a10 wodd HOVLAA
ONVANOO
S3AOQNVH
MOV 1S3N03Y | [TNOIVOO TV Ta”]
SIAOGNVH
J04LNOD NOISSINGY
[ LSInO3
SIAOGNVH
NOISID3d OH
 S1¥0d3
ININIINSYIN
NOILVOOTV 1N~
D I VIVA 1DV T T T T T T T T T < Vivd IH00d
T0HINOD |
Q3AIN0Yd NOILOIMLSIY V3NV ININIINSVIA
_ | _
AVMILYO ONIAY3S INN aNe 1394Vl aNe 309N0S an




PCT/US2008/078357

WO 2009/046041

5/7

4S9 "Old

VG "Ol4 WO

18V HOINd
M vIvd 3ovd [ T T T T T T T T T >
S304N0S3Y 3ISVIT3Y
ONIGUVMHOA
- Tavd @
S13x0vVd LISNVAL=NI
ONIYIAMIA INNILNOD
¥344Ng 10 HSN14
304N0S3Y
3SNOS3Y 31vadn, AOV_3141dNOJ eSS ERE N
HIVd 10 HOLIMS
(LSIN0IY_31¥dn
INVId 93sn < 4141dNOD
4IA0ANVH < ASTINGD H3ROTNVH
3N 03 VI + NOIVOOT ik
< NOILIVZINOSFONAS
gN° 304N0S WOud
S13OVd ¥344ng
1
AVMILYD ONIAY3S TN aNe 1398v1 aNe 3048N0S n




PCT/US2008/078357

WO 2009/046041

6/7

r—— - - B
_ [
o | — |
o | 2l RioEl BlLR _
\ © | O Jo WRVCnban =1 |
o = — < fH
_ o o o = al |
| _
_ A A A A A “
_
L ] I [ AU SRR S
F—— =777 D T R
I _
o |
© | _
o
N 2t 121 1ol |1el (2] |21
_ zZ o o x = o “
|
| © © © © © © _
i

FIG. 6



WO 2009/046041 PCT/US2008/078357

7/7

THE PDCP RECEIVES A PDU FROM A UPPER
LAYER

STEP 700

SDU DISCARDED
BY PDCP?

H P |
THE PDCP PROVIDESR'[CE PDCP SDU TO THE STEP 701

THE PDCP RECEIVES A STATUS SIGNAL FROM
THE RLC STEP 702

v

THE PDCP PROVIDES A STATUS SIGNAL TO
> THE UPPER LAYER STEP 703

END

FIG. 7



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings

