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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention discloses a method for use in a cellular communications system, in which system traffic can be
exchanged between a first and a second transceiver. The traffic is sent in data units, each of which is given an identifier and
which may be divided into segments. A receiving transceiver may send status information in data frames or data units about
transmitted data units to a transmitting transceiver, i.e. to the transceiver from which the data was transmitted.

BACKGROUND

[0002] In the 3GPP LTE project (3rd generation Partnership Project, Long Term Evolution) for cellular communication systems,
an RLC (Radio Link Control) protocol is used for communication between users in a cell and the controlling node of the cell, i.e.
the so called eNodeB, "evolved NodeB".

[0003] In the RLC, traffic is sent as so called PDUs, i.e. Protocol Data Units, which are identified by being given sequence
numbers. In response to PDUs from a transmitting party, the receiving party sends so called RLC status PDUs to the transmitting
party, with so called ACKs and/or NACKS, i.e. acknowedgements (ACK) that data has been properly received, or information
(NACK) that data has not been properly received, i.e. received only partly or not at all . The ACKs and NACKS in the RLC status
PDUs are sent as PDU sequence numbers, in order to identify the PDU in question.

[0004] In LTE systems, RLC PDUs may be segmented, which has as a consequence that there will be two or more PDU
segments with the same sequence number, since the sequence number is a property of the PDU. The process of segmenting
PDUs is also denoted as re-segmentation.

[0005] Because of the re-segmentation in LTE, the sequence numbers will not suffice to identify the data for which ACK or NACK
is sent.

[0006] Document R2-073174, RLC status PDU type and format discusses RLC status PDU type and format for a UTRAN system.
Said document discloses a method for indication of feedback for segmented PDU:s in a status PDU.

SUMMARY

[0007] As has emerged from the explanation above, there is a need for a solution by means of which ACKs and NACKs which are
transmitted by a receiving party to a sending party in 3G LTE systems can be identified, with respect to the data segments that
they are sent in response to.

[0008] In addition, another need which should be addressed by the solution in question is that it should be possible to send a
variable number of NACKs.

[0009] This need is addressed by the present invention in that it discloses a method for use in a cellular communications system,
in which system traffic can be exchanged between a first and a second transceiver. The traffic in the system is sent in data units,
each of which is given an identifier. The data units may be divided into segments, and a receiving transceiver may send status
information in data frames or data units about properly received, partially received, or non-received data units to a sending
transceiver, i.e. to the transceiver from which the data was sent.

[0010] According to the method of the invention, in the case of one or more partially or non-received data units, the status
information which is sent to the sending transceiver includes information about whether the data units were non-received or
partially received, and in the case of a partially received data unit, which parts of the data units that were not received.

[0011] Thus, by means of the invention, it becomes possible for the receiving transceiver to distinctly identify non-received parts
of data units to the sending transceiver, thus in turn enabling the sending transceiver to retransmit those parts.
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[0012] Also, the invention makes it possible to identify more or less any amount of non-received data, which was another of the
needs to be addressed by the invention.

[0013] In one embodiment of the invention, the information about whether or not a data unit was non-received or partially
received is included as a flag in said data frames or data units

[0014] In another embodiment, the information about which parts of a data unit that were non-received is included in the data
frames or data units as information which indicates a first and a last part of the non-received data .

[0015] In yet another aspect of the present invention, in the case that a data frame or unit from the sending transceiver has been
segmented and one or more last segments has not reached the receiving transceiver, this can be indicated by the receiving
transceiver.

[0016] In a further embodiment of the invention, the information about which parts of a data unit that were non-received is
included in the data frames or data units as information which indicates the identifier of the data unit, as well as information about
the beginning of the non-received data in said data unit, and the amount of non-received data.

[0017] These and other aspects and advantages of the present invention will be explained in more detail in the detailed
explanation given below.

[0018] The invention also discloses a transceiver for use in a system of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The invention will be described in more detail in the following, with reference to the appended drawings, in which
Fig 1 shows a schematic view of a system in which the invention may be applied, and

Figs 2-6 show various embodiments of the invention, and

Fig 7 shows a schematic flow chart of a method of the invention, and

Fig 8 shows a block diagram of a transceiver of the invention.

DETAILED DESCRIPTION

[0020] Fig 1 shows a schematic view of a system 100 in which the invention may be applied. As mentioned previously, the
invention is mainly intended for systems of the 3GPP LTE kind, i.e. Third Generation Partnership Project, Long Term Evolution
systems, sometimes also referred to merely as LTE systems, but officially in 3GPP known as evolved UTRAN or E-UTRAN. These
names will be used interchangeably throughout this description.

[0021] As shown in fig 1, an LTE system 100 can comprise a number of so called cells, one of which is shown as 130 in fig 1.
Each cell in an LTE system can accommodate a number of users, sometimes generically referred to as UEs, User Equipments. In
fig 1, one UE is symbolically shown, with the reference number 120.

[0022] LTE systems such as the one 100 in fig 1 will also comprise a so called "eNodeB", evolved NodeB, for each cell. One of
the functions of the eNodeB of a cell is to control the traffic to and from users in a cell. In fig 1, an eNodeB 110 is shown as the
eNodeB for the cell 130.

[0023] Traffic from the eNodeB to an UE is referred to as down link traffic, or simply DL traffic, and traffic from the UEs to the
eNodeB is known as up link traffic, or simply UL traffic.

[0024] In LTE systems, an RLC protocol, Radio Link Control, is used for communication between the eNodeB and the UEs in a
cell.
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[0025] According to RLC, in LTE systems, traffic between two transceivers, i.e. an UE and its eNodeB is sent in so called PDUSs,
Protocol Data Units. According to RLC, each PDU is assigned an identifier, a so called sequence number, which allows both the
sending and the receiving party to identify a PDU.

[0026] In the description below, it will be assumed that data PDUs are sent by the eNodeB, i.e. in DL, and that status PDUs are
sent by an UE, i.e. in UL,. However, it should be pointed out that this is merely an example intended to facilitate the reader's
understanding of the invention, the invention can equally well be applied in the other direction, i.e. Data PDUs in UL and Status
PDUs in DL. It can be mentioned here that E-UTRAN RLC can operate in different modes, configured by the eNodeB, namely
Acknowledged Mode (AM), Unacknowledged Mode (UM) and transparent mode (TM). The status PDUs are at present only used
in AM.

[0027] If the eNodeB 110 sends a PDU which contains data to the UE 120, i.e. a so called data PDU, the UE can reply with a so
called status PDU, i.e. a PDU which indicates to the eNodeB the reception status of the data in the data PDU which was sent from
the eNodeB.

[0028] In the status PDU to the eNodeB, data units which are correctly received by the UE is acknowledged by the UE by means
of so called ACK messages or indicators, and data units which are erroneously received, i.e. only received in part, or not received
at all are indicated by the UE by means of a so called negative ACK, a NACK. If the eNodeB from which the data originated
receives a NACK in return for transmitted data, the eNodeB will thus know that this information should be retransmitted, usually
until an ACK is received. In the case of DL data traffic, a UE will thus send status PDUs with ACKs and/or NACKs to the eNodeB in
response to data PDUs from the eNodeB.

[0029] The ACKs provide information about up to which sequence number PDUs have been correctly received. This can be done
either by providing the highest number of a successfully received PDU, or the first number of a non-received PDU.

[0030] In E-UTRAN RLC, data PDUs can be re-segmented, i.e. the payload of a previously created RLC PDU can, at the time of
retransmission, be split into segments that are sent separately.

[0031] In LTE, itis intended that RLC PDU segments should be identified by means of the sequence number of the original RLC
PDU, as well as a so called segmentation offset, SO, which indicates the segments' start in the original RLC PDU. An ACK or a
NACK is sent in the form of the sequence number of the original RLC PDU, but since re-segmentation can occur, the segments
which the ACK or NACK from the UE refers to cannot be identified uniquely in the eNodeB by means of the sequence number and
not even by means of the SO, due to the fact the segmentation can occur in several "generations”, i.e. multiple re-segmentations
can occur, and the eNodeB does not know which generation that the ACK/NACKSs refer to.

[0032] It is this problem, i.e. identification of ACK/NACK:ed RLC PDU data that the invention intends to address.

[0033] Different cases can be discerned when it comes to status PDUs:

1. a. A status PDU with only one ACK, and no NACKs.

2. b. A status PDU with one ACK and one or more NACKS, which has two sub-cases:
1. i. One or more of the NACKSs are "segment NACKs".
2. ii. All of the NACKS are non-segment NACKs.

[0034] In order to address case "a" above, the invention proposes a status PDU which is shown in fig 2 with the reference
number 200. As shown in fig 2, the status PDU 200 comprises a D/C-field 210, which indicates if the PDU 200 is a data or a
control PDU. As will be understood, a status PDU is a control PDU.

[0035] In addition, the status PDU 200 includes an ACK field 220, with the ACK being provided in the form of the sequence
number, SN, of the RLC PDU which the ACK refers to. The status PDU 200 also comprises an indicator, e.g. a flag or bit, shown in
fig 2 as an "E-bit" 230, which is used to indicate the presence or absence of NACKs in the status PDU 200.

[0036] In the case of absence of NACKs in the status PDU, i.e. the case shown in fig 2, so called "padding” or "dummy bits" can
be used in order to achieve proper alignment of the contents of the status PDU 200. One example of such alignment is so called
"octet alignment”, i.e. alignment which is used if the status PDU is divided into data octets. The padding is shown as 240 in fig 2.
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[0037] Turning now to the case identified as "b-i" above, i.e. where one or more of the NACKSs refer to segmented data units, in
other words the case in which the NACKSs indicate that a data unit has been partially received, a concept used by the invention will
now be introduced. This concept is here referred to as "Segment Offset pairs" or "SO pairs”, i.e. a data pair, one of which is used
to indicate the first non-received data octet of the PDU which the NACK refers to, and the other of which is used to indicate the
last non-received data octet which the NACK refers to. It can be added here that although octets are used to exemplify the
invention since octets are used in LTE RLC, the invention can naturally be used if data is sent in other sizes as well.

[0038] An example of a Status PDU format 300 which can handle case "b-i" above is shown in fig 3. In similarity to the Status PDU
format 200 of fig 2, the Status PDU format 300 comprises a field which indicates if the PDU 300 is a data or a control PDU, and an
ACK field with the ACK being provided in the form of the sequence number, SN, of the RLC PDU which the ACK refers to. The
status PDU 300 also comprises an indicator, e.g. a flag or bit, shown in fig 3 as an "E-bit", which is used to indicate the presence
or absence of NACKs in the status PDU 300.

[0039] If one or more NACKs is included as in fig 3, each NACK is followed by an "E" bit or flag and an "F" bit or flag, where the E
bit/flag indicates if another NACK is present or not, and the F bit/flag indicates if an SO pair is included for the particular NACK or
not. In other words, the F bit/flag can be said to indicate if the data unit to which the NACK refers was segmented or not, since
that is the only case when SO pairs are used.

[0040] It can also be mentioned that the case of (for example) two missing but nonconsecutive parts of one and the same PDU
can be handled by the present invention in that one and the same NACK SN will occur twice, but with different SO pairs.

[0041] In similarity to the embodiment of fig 2, the ACKs and NACKSs of the status PDU 300 of fig 3 are provided in the form of the
sequence number, SN, of the RLC PDU which the ACK or NACK refers to, for which reason the ACK/INACKs are shown as
ACK_SNor NACK_SN.

[0042] After the last NACK of the status PDU 300 in fig 3, the SO pairs are included for the NACKs for which the "F" flags/bits
were set. Thus, the SO pair shown as SO11 and SO12 "belong" to NACK1_SN, and the SO pair shown as SO21 and S0O22
"belong"” to NACK2_SN. Also, as shown in fig 3, "padding”, PAD, may be used in the status PDU 300 of fig 3, in order to obtain
octet alignment or some similar purpose.

[0043] Returning now to the information comprised in the SO pairs, the first SO in an SO pair indicates the first missing data
octet of the PDU, and the last SO in a pair indicates the last missing data octet in the PDU

[0044] It should be pointed out that if the data in the received PDUs, i.e. the PDUs to which the ACK/NACKSs refer, is arranged in
groups other than octets, the invention can of course also be applied to such systems. The SO pairs would then in a way similar
to that described above indicate the beginning and the end of the data in the PDU to which the NACK refers.

[0045] It can also be added that the status PDUs of the invention can also be expanded by means of a field, for example after the
D/C-field, which indicates the nature of the status PDU, for example if RLC control PDUs other than STATUS PDUs are used. This
field is included in the example shown in fig 3, indicated as "PDU type". The same principle, i.e. PDU type, may be applied in the
version shown in fig 2.

[0046] With continued reference to the status PDUs of the invention, it should also be pointed out that the order of the data fields
in the status PDUs shown in figs 2 and 3 are merely examples of suitable embodiments, the data fields in the status PDU of the
invention can be moved to other positions in the status PDU without affecting the functionality of the invention, for example in
order to achieve octet alignment. As an example, in the case with only an ACK and no NACKSs, i.e. the embodiment shown in fig 2,
the status PDU 200 could start with a D/C field followed by an E bit, followed by padding and lastly the ACK with its sequence
number.

[0047] Turning now to the case shown as b-ii above, i.e. one or more NACKs refer to non-received data PDUs, as opposed to
partially received data units, this is handled in the following manner: the F flag corresponding to those NACKs indicates that no
SO pairs are included in the status PDU for those NACKs.

[0048] A special case which is also addressed by the invention is when the last PDU segment of an RLC PDU has not been
received by the UE (still assuming the case of data PDUS in DL). Assume an example where an RLC PDU with sequence number

10 has been segmented into 3 RLC PDUs, with the PDU segments containing octets 1-10, 11-25 and 26-40, respectively.

[0049] Consider now the case in which the UE has received the first two segments of RLC PDU 10, i.e. octets 1-10 and 11-25,
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and has also received the following RLC PDU, i.e. RLC PDU 11, in its entirety, but the UE has not received the last segment of
RLC PDU 10, i.e. octets 26-40.

[0050] In this case, the UE knows that an RLC segment has been lost, but does not know its length, so the UE cannot set the
second segmentation offset value in the corresponding SO pair in the status PDU. A solution to this which is proposed by the
invention is to let a special value of an SO indicate that the end of the NACK:ed segment is not known. Thus, when the eNodeB
receives a NACK for RLC PDU 10, a first SO is set to 26 and the corresponding second SO is set to the special value which tells
the eNodeB that all data octets from 26 and forward for RLC PDU 10 need to be retransmitted.

[0051] In some cases, an SO pair is not always necessary to obtain the desired effect. As will be shown in the following, by using
two bits in the "F" field, a complete identification of the non-received data may be achieved.

[0052] This is shown in the example of fig 4, in which all four combinations of two bits in the F field are illustrated, i.e. 00, 01, 10
and 11. The meanings of each of these combinations are also indicated in fig 4, as follows:

F field §Meaning
00 The NACK refers to the entire RLC PDU so no SOs are necessary.

01 The NACK refers to a first part of the RLC PDU, 1 SO is needed in order to indicate the last non-received
data group, such as, for example, an octet.

10 The NACK refers to a last part of the RLC PDU, 1 SO is needed in order to indicate the first non-received
data group, such as, for example, an octet.

11 The NACK refers to a middle part of the RLC PDU, 2 SOs are needed inorder to indicate the first and the
last non-received data group, such as, for example, an octet.

[0053] It should be pointed out that in the case shown in fig 4, in similarity to the embodiments shown previously, a "type field"
may be needed in order to separate status RLC PDUs from other RLC control PDUSs.

[0054] In another embodiment of the present invention, partially received DL RLC data PDUs are indicated to the eNodeB by the
UE in an UL status RLC PDU in a slightly different manner than that shown above, i.e. the SO pairs. In the embodiment in
question, the status RLC PDU 500 of which is shown in fig 5, the UL status RLC PDU from the UE comprises a NACK field, shown
as 510, and a sequence number field, SN, shown as 520, which indicates the sequence number of the DL RLC data PDU which
the NACK refers to. Naturally, in the embodiment 500, the SN can also be included together with the NACK, as shown in previous
embodiments.

[0055] In similarity to the previous embodiments, the embodiment 500 also includes the use of an "E" field, shown as 530 in fig 5.
However, the significance of the E-field, i.e. a bit or a flag, differs slightly from that of the previous embodiments: in the
embodiment 500 of fig 5, the E-field is used to signify if the NACK 510 refers to an entire RLC data PDU or to data within an RLC
data PDU. For example, if the E-field equals zero, E=0, this could signify that the NACK 510 refers to the entire RLC data PDU
which is identified by the SN 520.

[0056] Conversely, if E=0 signifies an entire PDU, then E=1 signifies that the NACK 510 refers to data within the PDU identified
by the SN 520. In this case, information is included in the status PDU 500 in order for the eNodeB to be able to identify the data in
question. This information regarding data in the embodiment 500 comprises a segment offset value, SO, shown as 540 in fig 5.
The SO 540 indicates the byte offset or the start of the non-received DL data. However, as opposed to the previous
embodiments, the embodiment 500 does not use SO pairs to indicate the totality of the non-received data. Instead, the
embodiment 500 utilizes a Length Field, LF, 550, the value of which indicates the beginning of the non-received data, starting
from the SO value 540, up to the last byte of the non-received data.

[0057] As can be realized, in this embodiment of the invention, i.e. the one shown in fig 5, in order to achieve efficient
retransmission from the original sender of the data, the exact number of bytes that should be retransmitted needs to be indicated
to the sender. Since LTE RLC PDUs can be quite large (e.g. 32767 bytes), the fields (i.e. SO and LF) needed for indication of the
RLC PDU segments would need to be quite large as well. However, as will also be realized, in many cases the maximum
theoretical size of the SO and LF fields will not need to be utilized, which would thus lead to a waste of data space if the size of
those fields were made static.

[0058] In one embodiment of the present invention, the inventors propose to alleviate this problem, i.e. inefficient use of data
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space for the SO and LF fields. This embodiment will be described in the following.

[0059] In this aspect of the invention, a basic principle is that the SO and LF field sizes in the RLC status PDU are made adaptive
to the needs of the current RLC status PDU. Obviously, it is possible to use two different sizes for SO and LF, e.g. 6 bits for RSO
and 4 bits for RSL. However, in the subsequent description, it will be assumed that the size is the same.

[0060] If, as proposed in this aspect of the present invention, a dynamic length field for SO and LF are used, the eNodeB (in the
case of data in DL and status messages in UL) must know this length field size in order to be able to read the status message.

[0061] A first way of accomplishing this is to have an additional field in the RLC status PDU message header which is indicative of
the size of the SO and LF fields. For example, there could be a field which indicates that all length fields in the current message
are 6 bits. This size could differ from RLC PDU status message to status message.

[0062] If SO and LF were to be given different size values, two such length fields would be needed, or use could be made of a
predefined relationship between them, e.g. SO is always x bits longer/shorter than LF. However, since SO and LF are typically of
the same order, this optimization might not be required.

[0063] According to an alternative aspect of the invention, the explicit indication of the size of the SO and LF fields is
superfluous, due to a re-arrangement in the RLC PDU status message. In this aspect of the invention, it is proposed to move the
"length fields" SO and LF to the end of the RLC PDU status message, which will be described with reference to fig 6.

[0064] In the embodiment shown in fig 6, the status information for all included PDUs is provided first, i.e. SN (segment number),
RF (Resegmentation Flag) and an extension bit, "E". In this way it will be possible to also include complete PDUs, where no
specific segment information needs to be sent. For PDUs where resegmentation has occurred, the RF is used to indicate that
segment location and length information follows, and SO and LF are appended to the message frame

[0065] Thus, in the embodiment of fig 6, the "dynamic" part of the status message, i.e. SO and LF, occurs after the last extension
bit E, i.e. after the first E bit with a value which indicates that it is the last one, such as for example the value "0". Since the overall
message size in this embodiment needs to be known, for example from a MAC or RLC header, the receiver knows how many bits
are left for the SO and LF fields. It also knows how many SO and LF pairs that will follow after the last extension bit. Thus, the
receiver can calculate the sizes of the SO and LF fields.

[0066] If it is a requirement that the RLC status PDU should be byte-aligned, an additional step has to be carried out, in that the
number of remaining bits is also divided by the number of indicated segment fields. The integer result is used as length, while the
remaining bits are not used. As an example, if the remaining length is 51 bits, and byte alignment (8 bits) is used, we get the
calculation 51/8 = 6 mod 3. Thus, in this example, 3 bits at the end of the status PDU will not be used.

[0067] In the example above, the LF is used to determine the end of an RLC PDU segment. However, it is would be possible
within the scope of the present invention to use an absolute offset, in similarity to the SO. In such a case, the offset would point to
the original position of the last byte in the RLC PDU segment.

[0068] The status message content might describe the data that is ACK:ed or NACK:ed. Also, a mixture of ACKs and NACKs
could be included, with one or more additional bit(s) to provide a suitable ACK/NACK indicator.

[0069] The described status message of fig 6 should merely be seen as an example, additional fields like type flags to indicate
whether the PDU contains data or a status, additional length fields and so on might be required in some applications, and would
be within the scope of this invention. Explicit status information may also be added to the status reports, especially in case the
standard or implementation allows multiple types of states to be reported, e.g. NACK and ACK.

[0070] An explicit indication of a status may also be necessary if the LTE system is configured to exchange a status report of a
single type, e.g. only NACKs. Alternatively, the status report sending entity may receive from the PDU sending entity a request for
a status report of a certain type (e.g. NACK only) and would thus generate the status report only for the subset of received
segments that have been not been received.

[0071] In a further aspect of the invention, it could be envisioned to send the RLC PDU status message as a separate PDU, or
piggybacked with another PDU.

[0072] Fig 7 shows a rough flow chart of a method 700 of the invention. Steps which are options or alternatives are shown with
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dashed lines.

[0073] As has been indicated in the description above, the method of the invention is intended for use in a cellular
communications system such as the one 100 of fig 1, i.e. a system in which traffic can be exchanged between a first and a second
transceiver such as the UE 120 and the eNodeB 120.

[0074] The traffic in the system 100 is sent in data units, and each of these data units is given an identifier. The data units may
be divided into segments, and a receiving transceiver may send status information in data frames or data units about properly
received, partially received or non-received data units to the sending transceiver, i.e. to the transceiver from which the data was
sent.

[0075] According to the inventive method 700, as indicated in step 705, in the case of one or more partially or non-received data
unit or units, the status information which is sent to the sending transceiver includes, as shown in step 710, information about
whether data unit or units were non-received or partially received, and if so, as shown in step 715, in the case of one or more
partially received data units, which parts of those data units that were not received.

[0076] In one embodiment of the invention, as shown in step 720, the information the information about whether or not a data
unit was partially or non-received is included as a flag in said data frames or data units.

[0077] As indicated in step 725, in a further embodiment of the invention, the information about which parts of a data unit that
were not received is included in said data frames or data units as information which indicates a first and a last part of the not
received data unit.

[0078] Step 730 indicates that in one aspect of the invention, if a data frame or unit from the sending transceiver has been
segmented or re-segmented, and a last segment has not reached the receiving transceiver, this can be indicated by the receiving
transceiver to the sending transceiver, suitably by means of a special predefined value for the information about the last part of
the non-received received segments.

[0079] Step 735 indicates that in one embodiment of the invention, if a data frame or unit from the sending transceiver has been
segmented and a last segment has not reached the receiving transceiver, this can be indicated by the receiving transceiver to the
sending transceiver

[0080] As has been indicated previously in this description, and as shown in step 740, the method 700 of the invention may
suitably be applied to an LTE, Long Term Evolution, system such as the one 100 which is schematically shown in fig 1.

[0081] If the inventive method 700 is applied to an LTE system, the data PDUs may be sent in DL and the corresponding status
PDUs will then be sentin UL, as indicated in step 750, in which case the "sending transceiver" mentioned above is the eNodeB of
an LTE cell, and the "receiving transceiver" is a UE User Equipment, of the LTE cell.

[0082] Conversely, the invention may equally well be applied so that the data PDUs may be sent in UL and the corresponding
status PDUs will then be sent in DL, as indicated in step 745, in which case the "sending transceiver" mentioned above is the UE
of an LTE cell, and the receiving transceiver is the eNodeB of the LTE cell.

[0083] With reference to the status PDU 300 shown in fig 3, it can be pointed out that the information from the receiving
transceiver to the sending transceiver can be sent as a message which has the possibility of comprising one or more of the
following:

¢ Information (D/C) about the nature of the message, e.g. data or control message,

¢ Information (PDU type) about the type of message within said nature, e.g. a status message in the case of control
message,

o Data (ACK) acknowledging properly received data units or frames in the form of a certain sequence number,

o A first extension indicator (E),

e Data (NACK) regarding an non-or partially received data unit or frame in the form of a certain sequence number(SN) of
said data unit or frame.

¢ A second extension indicator (F),

¢ Information about the beginning (SO11, SO21) and end (SO12, SO22) of non-received data.
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[0084] In the exemplary status PDU shown in fig 3, the first extension indicator, E, indicates the absence or presence of a set
comprising another of the first, and second extension indicators, i.e. E and F, and data, NACK, regarding a partially or non-
received data unit or frame, in the form of the identifier, SN, of the data unit or frame. The second extension indicator, F, indicates
the absence or presence of information about the beginning, SO11, SO21, and end, SO21, SO22, of non-received data.

[0085] The invention also discloses a transceiver for use in a system in which the invention is applied. As has emerged from the
description above, the invention can be applied either when data PDUs are sent in DL and the corresponding status PDUs are
sent in UL, in which case the data sending transceiver (in the case of E-UTRAN applications) is the eNodeB and the receiving
transceiver, i.e. the transceiver which transmits status PDUs is the UE, or conversely, when data PDUs are sent in UL and the
corresponding status PDUs are sent in DL, in which case the data sending transceiver is the UE and the receiving transceiver, i.e.
the transceiver which transmits status PDUs is the eNodeB. Thus, the transceiver of the invention may be either an E-UTRAN
eNodeB or an E-UTRAN UE.

[0086] A schematic block diagram of a generic inventive transceiver 800 for use as an E-UTRAN eNodeB or an E-UTRAN UE is
shown in fig 8. As indicated in fig 8, the transceiver 800 will comprise an antenna, shown as block 810. and will also comprise a
receive part 820 and a transmit part 830. In addition, the transceiver 800 also comprises a control means 840 such as a micro
processor, as well as a memory 850. Furthermore, if the transceiver 800 is to be used as an eNodeB, the transceiver 800 also
comprises an interface 860 towards other components in the system apart from the UEs. Since the interface may not be present if
the transceiver 800 is a UE, the interface 860 is shown with dashed lines.

[0087] The transceiver 800 can use the antenna 810, the receive part 820 and the transmit part 830 for sending traffic to and
receiving traffic from a second transceiver in the system, and the transceiver 800 may use the control means 840 together with
the memory 850 for sending said traffic in data units.

[0088] The control means 840 and the memory 850 may also be used for giving each of the data units an identifier, such as for
example a sequence number, and the same means, i.e. blocks 840 and 850 may be used for dividing the data units into
segments.

[0089] The inventive transceiver 800 also uses the control means 840, the memory 850, the transmitter 830 and the antenna
810 for sending information in data frames or data units about properly received, partially received or non-received data units to
the second transceiver, i.e. to the transceiver from which the data was sent.

[0090] In addition, the transceiver 800 can use the control means 840 and the memory 850 for, in the case of one or more non-
received or partially received data units, including information in the status information about whether the data unit or units were
non-received or partially received, and in the case of one or more partially received data units, which parts of those data units
that that were non-received.

[0091] In one embodiment, the means 840 and 850 are used by the transceiver 800 for including the information about whether
or not a data unit was partially or non-received as a flag in said data frames or data units.

[0092] In addition, in a further embodiment, blocks 840 and 850 are used by the transceiver for including the information about
which parts of a data unit that were non-received in said data frames or data units as information which indicates a first and a last
part of the non-received data unit.

[0093] In another aspect of the invention, the control means 840, the memory 850, the transmitter 830, together with the antenna
810 can be used by the transceiver 800 for indicating to a sending transceiver if a data frame or unit from the sending transceiver
has been segmented, and a last segment has not reached the transceiver 800.

[0094] The indication about a missing segment is suitably carried out by means of using a special predefined value for the
information about the last part of the missing segment.

[0095] In one embodiment, the control means 840 and the memory 850 can be used by the transceiver 800 for including the
information about which parts of a partially received data unit that were not received in said data frames or data units as
information which indicates the identifier of the data unit, as well as information about the beginning of the non-received data in
said data unit, and the amount of non-received data.

[0096] In addition, the antenna 810, the transmitter 830, the control means 840 and the memory 850 can be used by the
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inventive transceiver for sending status information to a sending transceiver as a message, such as the one 300 of fig 3, which
can comprise one or more of the following:

Information (D/C) about the nature of the message, e.g. data or control message,

Information about the type of message within said nature, e.g. a status message in the case of a control message,

Data (ACK) acknowledging properly received data units or frames in the form of a certain sequence number,

A first extension indicator (E),

Data (NACK) regarding a non-received or partially received data unit or frame, in the form of a certain sequence number ,
A second extension indicator (F),

Information about the beginning (SO11, SO21) and end (SO12, SO22) of non-received data.

[0097] Suitably, the first extension indicator (E) indicates the absence or presence of a set comprising another of said first (E)
and second (F) extension indicators and data (NACK) regarding an partially or non-received unit or frame in the form of the
identifier (SN) of said data unit or frame, and said second extension indicator (F) indicates the absence or presence of
information about the beginning (SO11, SO21) and end (SO12, SO22) of non-received data.

[0098] The invention is not limited to the examples of embodiments described above and shown in the drawings, but may be
freely varied within the scope of the appended claims.
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Patentkrav

1. Fremgangsméade (700) til anvendelse i et mobilkommunikationssystem
(100), ved hvilken systemtraffik kan udveksles mellem en forste (110, 120)
og en anden (110, 120) transceiver, hvor trafikken sendes i dataenheder,
hvoraf hver dataenhed gives en identifikator, og hvilke dataenheder kan ind-
deles i segmenter, i hvilket system (100) en modtagende transceiver (110,
120) kan sende statusinformation i datarammer eller dataenheder (200, 300)
vedrgrende vel modtagne, delvist modtagne eller ikke-modtagne dataenhe-
der til en sendende transceiver, dvs. til den transceiver, hvorfra dataene blev
sendt, hvor, i tilfeelde (705) af en eller flere ikke-modtagne eller delvist mod-
tagne dataenhed(er), den statusinformation, som sendes til den sendende
transceiver, sendes som en besked (300), hvor beskeden (300) omfatter
Data (ACK), der bekreefter vel modtagne dataenheder eller -rammer i form af
et bestemt sekvensnummer;

en farste udvidelsesindikatorbit (E);

data (NACK) vedrgrende en ikke-modtaget eller delvist modtaget dataenhed
eller -ramme, i form af et bestemt sekvensnummer;

en anden udvidelsesindikatorbit (F), der angiver, hvorvidt dataenheden eller
dataenhederne blev ikke-modtaget eller delvist modtaget; og

i tilfeelde af en eller flere delvist modtagne dataenheder, hvilke dele (715) af
de dataenheder, som ikke blev modtaget,

hvor den fgrste udvidelsesindikatorbit (E) angiver fravaeret eller tilstedevae-
relsen af et andet set, der omfatter den forste (E) og anden (F) udvidelsesin-
dikatorbit og data (NACK) vedrgrende en ikke-modtaget eller delvist modta-
get dataenhed eller -ramme i form af identifikatoren (SN) af dataenheden
eller -rammen.

2. Fremgangsmade (700, 720) ifelge krav 1, ifalge hvilken informationen ved-
rgrende hvorvidt eller ej en dataenhed blev delvist modtaget eller ikke-
modtaget er indeholdt som et flag i datarammerne eller dataenhederne.

3. Fremgangsmade (700, 725) ifalge krav 1 eller 2, ifalge hvilken informatio-
nen vedrgrende hvilke dele af en dataenhed, som ikke blev modtaget, er in-
deholdt i datarammerne eller dataenhederne som information, som angiver



10

15

20

25

30

35

DK/EP 2108223 T3

en farste og en sidste del af den ikke-modtagne dataenhed.

4. Fremgangsmade (700, 730) ifolge et af kravene 1-3, ifglge hvilken, hvis en
dataramme eller -enhed fra den sendende transceiver er blevet segmenteret,
og det sidste segment ikke er ndet frem til den modtagende transceiver, dette
kan angives af den modtagende transceiver (110, 120) til den sendende
transceiver (110, 120).

5. Fremgangsmade (700, 730) ifglge krav 3 eller 4, ifalge hvilken angivelsen
vedrarende et manglende segment udfares ved hjeelp af en speciel forudde-
fineret veerdi for informationen vedrgrende den sidste del af det manglende
segment.

6. Fremgangsmade (700, 735) ifolge krav 1, ifalge hvilken informationen ved-
rarende hvilke dele af en delvist modtaget dataenhed, som ikke blev modta-
get, er indeholdt i datarammerne eller dataenhederne som information, som
angiver identifikatoren af dataenheden, sdvel som information vedrgrende
begyndelsen af de ikke-modtagne data i dataenheden, og maengden af ikke-
modtagne data.

7. Fremgangsmade (700, 740) ifalge et af de foregéende krav, der anvendes
pa et E-UTRAN-system (100).

8. Fremgangsmade ifalge krav 7, ifalge hvilken dataenheden er en RLC
PDU, séledes at segmenterne er RLC PDU-segmenter.

9. Fremgangsmade (700, 750) ifelge krav 8, ifglge hvilken den sendende
transceiver er eNodeB-en (110) af en E-UTRAN-celle (130), og den modta-
gende transceiver er en UE (120), User Equipment (brugerudstyr), af E-
UTRAN-cellen (130).

10. Fremgangsméade (700, 745) ifglge krav 8, ifalge hvilken den sendende
transceiver er UE'en af en E-UTRAN-celle, og den modtagende transceiver
er eNodeB'en af E-UTRAN-cellen (130).
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11. Fremgangsmade (700) ifglge et af de foregdende krav, ifglge hvilken sta-
tusinformationen fra den modtagende transceiver (110, 120) til den sendende
transceiver (110, 120) sendes som en besked (300), som har mulighed for at
omfatte en eller flere af folgende:

+ Information (D/C) vedrgrende beskedens art, f.eks. data- eller kontrolbe-
sked,

* Information vedragrende typen af besked inden for arten, f.eks. en statusbe-
sked i tilfaelde af en kontrolbesked,

» Information vedrarende begyndelsen (SO11, SO21) og afslutningen (SO12,
S0O22) af ikke-modtagne data.

12. Fremgangsmade (700) ifelge krav 11, ifelge hvilken den anden udvidel-
sesindikatorbit (F) angiver fraveeret eller tilstedevaerelsen af information ved-
rorende begyndelsen (SO11, SO21) og afslutningen (SO12, SO22) af ikke-
modtagne data.

13. Transceiver (800) til anvendelse i et mobilkommunikationssystem (100),
hvor transceiveren er forsynet med midler (810, 820, 830) til at sende trafik til
og modtage trafik fra en anden transceiver i systemet, hvor transceiveren
(800) er forsynet med midler (840, 850) til at sende trafikken i dataenheder,
og midler (840, 850) til at give hver af dataene en identifikator, savel som
med midler (840, 850) til at inddele dataenhederne i segmenter, hvor trans-
ceiveren (800) ogsa er forsynet med midler (840, 850, 830, 810) til at sende
statusinformation i datarammer eller dataenheder (200, 300) vedrarende vel
modtagne, delvist modtagne eller ikke-modtagne dataenheder til den anden
transceiver, dvs. til den transceiver, som dataene blev sendt fra, hvor trans-
ceiveren (800) er kendetegnet ved, at den yderligere er forsynet med midler
(840, 850) til, i tilfeelde af en eller flere ikke-modtagne eller delvist modtagne
dataenheder, at sende statusinformationen som en besked (300) omfattende:
Data (ACK), der bekreefter vel modtagne dataenheder eller -rammer i form af
et bestemt sekvensnummer;

En forste udvidelsesindikatorbit (E);

Data (NACK) vedrgrende en ikke-modtaget eller delvist modtaget dataenhed
eller -ramme, i form af et bestemt sekvensnummer;
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En anden udvidelsesindikatorbit (F), der angiver, hvorvidt dataenheden eller
dataenhederne var ikke-modtaget eller delvist modtaget; og

i tilfeelde af en eller flere delvist modtagne dataenheder, hvilke dele af de da-
taenheder, som var ikke-modtaget,

hvor den forste udvidelsesindikatorbit (E) angiver fraveeret af tilstedevaerel-
sen af et andet saet, der omfatter den forste (E) og anden (F) udvidelsesindi-
katorbit og data (NACK) vedrgrende en delvist eller ikke-modtaget enhed
eller ramme i form af identifikatoren (SN) af dataenheden eller -rammen.

14. Transceiver (800) ifalge krav 13, som er en eNodeB (110) af et E-
UTRAN-system.

15. Transceiver (800) ifglge krav 13, som er en UE (120), User Equipment
(brugerudstyr), af et E-UTRAN-system.
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