19 DANMARK (10 DK/EP 2186371 T3

(12) Oversaettelse af
europaeisk patentskrift

Patent-og
Varamaerkestyrelsen

(51) Int.Cl.: H 04 W 74/08 (2009.01) H 04 W 76/02 (2009.01) H 04 W 88/00 (2009.01)
(45) Oversaettelsen bekendtgjort den: 2016-02-29

(80) Dato for Den Europaeiske Patentmyndigheds
bekendigorelse om meddelelse af patentet: 2015-12-02

(86) Europzeisk ansggning nr.: 08779410.3

(86) Europzeisk indleveringsdag: 2008-07-03

(87) Den europaeiske ansggnings publiceringsdag: 2010-05-19
(86) International ansggning nr.: SE2008050832

(87) Internationalt publikationsnr.: W02009020423

(30) Prioritet: ~ 2007-08-08 US 835782

(84) Designerede stater: AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV MC
MT NL NO PL PT RO SE SI SK TR

(73) Patenthaver: Telefonaktiebolaget L M Ericsson (publ), , 164 83 Stockholm, Sverige
(72) Opfinder: PARKVALL, Stefan, Vastmannagatan 53, S-113 25 Stockholm, Sverige
TYNDERFELDT, Tobias, Sjévagen 2, 2tr, S-169 55 Solna, Sverige
DAHLMAN, Erik, Tackjarnsvégen 12, S-168 68 Bromma, Sverige
(74) Fuldmeegtig i Danmark: Zacco Denmark A/S, Arne Jacobsens Allé 15, 2300 Kebenhavn S, Danmark
(54) Benaevnelse: UPLINK SCRAMBLING UNDER RANDOM ACCESS
(56) Fremdragne publikationer:
EP-A2- 0 565 507

EP-A2- 1 146 762
US-A1- 2005 271 025



DK/EP 2186371 T3



DK/EP 2186371 T3
DESCRIPTION

TECHNICAL FIELD

[0001] The technical field relates to mobile radio communications, and in particular, to uplink communications involving mobile
radio terminals in a mobile radio communications system.

BACKGROUND

[0002] Universal Mobile Telecommunications System (UMTS) is a 3rd Generation (3G) asynchronous mobile communication
system operating in Wideband Code Division Multiple Access (WCDMA) based on European systems, Global System for Mobile
communications (GSM) and General Packet Radio Services (GPRS). The Long Term Evolution (LTE) of UMTS is under
development by the 3rd Generation Partnership Project (3GPP) which standardized UMTS. There are many technical
specifications hosted at the 3GPP website relating to Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal
Terrestrial Radio Access Network (E-UTRAN), e.g., 3GPP TS 36.300. The objective of the LTE work is to develop a framework for
the evolution of the 3GPP radio-access technology towards a high-data-rate, low-latency and packet-optimized radio-access
technology. In particular, LTE aims to support services provided from the packet switched (PS)-domain. A key goal of the 3GPP
LTE technology is to enable high-speed packet communications at or above about 100 Mbps.

[0003] Figure 1 illustrates an example of an LTE type mobile communications system 10. An E-UTRAN 12 includes E-UTRAN
NodeB (eNodeBs or eNBs) 18 that provide E-UTRA user plane and control plane protocol terminations towards the user
equipment (UE) 20 over a radio interface. Although an eNB is a logical node, often but not necessarily implemented by a physical
base station, the term base station is used here to generally cover both logical and physical nodes. A UE is sometimes referred to
as a mobile radio terminal and in an idle state monitors system information broadcast by eNBs within range to inform itself about
"candidate” base stations in the service area. When a UE needs access to services from a radio access network, it sends a
request over a random access channel (RACH) to a suitable eNB, typically an eNB with the most favorable radio conditions. The
eNBs are interconnected with each other by means of an X2 interface. The eNBs are also connected by means of the S | interface
to an Evolved Packet Core (EPC) 14 which includes a Mobility Management Entity (MME) by an S 1-MME and to a System
Architecture Evolution (SAE) Gateway by an S1-U. The MME/SAE Gateway are referenced as a single node 22 in this example.
The 81 interface supports a many-to-many relation between MMEs / SAE Gateways and eNBs. The E-UTRAN 12 and EPC 14
together form a Public Land Mobile Network (PLMN). The MMEs / SAE Gateways 22 are connected to directly or indirectly to the
Internet 16 and to other networks.

[0004] In order to enable operation in different spectrum allocations, for example to have a smooth migration from existing
cellular systems to the new high capacity high data rate system in existing radio spectrum, operation in a flexible bandwidth is
necessary, e.g., bandwidths ranging from 1.25 MHz to 20 MHz for downlink transmissions from network to UE. Both high rate data
services low rate services like voice must be supported, and because 3G LTE is designed for TCP/IP, VoIP will likely be the
service carrying speech.

[0005] LTE uplink transmission is based on so-called Discrete Fourier Transform Spread-OFDM (DFTS-OFDM) transmission, a
low-peak to average power ratio (PAPR), single-carrier (SC) transmission scheme that allows for flexible bandwidth assignment
and orthogonal multiple access not only in the time domain but also in the frequency domain. Thus, the LTE uplink transmission
scheme is also often referred to as Single-Carrier FDMA (SC-FDMA).

[0006] The LTE uplink transport-channel processing is outlined in Figure 2. A transport block of dynamic size is delivered from
the media access control (MAC) layer. A cyclic redundancy code (CRC) to be used for error detection at the base station receiver
is calculated for the block and appended thereto. Uplink channel coding is then performed by a channel encoder which may use
any suitable coding technique. In LTE, the code may be a turbo code that includes a Quadratic Permutation Polynomial (QPP)-
based internal interleaver for performing block interleaving as part of the turbocoder. The LTE uplink hybrid-Automatic Repeat
Request (ARQ) extracts, from the block of coded bits delivered by the channel coder, the exact set of bits to be transmitted at
each transmission/retransmission instant. A scrambler scrambles the coded bits on the LTE uplink (e.g., bit-level scrambling) in
order to randomize the interference and thus ensure that the processing gain provided by the channel code can be fully utilized.

[0007] To achieve this randomization of the interference, the uplink scrambling is mobile terminal-specific, i.e., different mobile
terminals (UEs) use different scrambling sequences. Terminal-specific scrambling also provides the scheduler the freedom to
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schedule multiple users on the same time-frequency resource and rely on base station receiver processing to separate the
transmissions from the multiple users. Terminal-specific scrambling randomizes the interference from other mobile terminals in the
same cell that happen to be scheduled on the same resource and improves the performance.

[0008] After scrambling, the data is modulated to transform a block of coded/scrambled bits into a block of complex modulation
symbols. The set of modulation schemes supported for the LTE uplink example include QPSK, 16QAM, and 64QAM,
corresponding to two, four, and six bits per modulation symbol, respectively. The block of modulation symbols is then applied to a
DFTS-OF DM modulator, which also maps the signal to an assigned radio resource, e.g., a frequency sub-band.

[0009] Together with the modulated data symbols, the signal mapped to the assigned frequency band also contains
demodulation reference signals. Reference signals known in advance by both the mobile terminal (UE) and the base station
(eNodeB) and are used by the receiver for channel estimation and demodulation of the data symbols. Different reference signals
can be assigned to a user terminal for similar reasons terminal-specific scrambling codes may be used, i.e., to intelligently
schedule multiple users on the same time-frequency resource and thereby realize so-called multi-user MIMO. In case of multi-user
MIMO, it is up to the eNodeB processing to separate the signals transmitted from the two (or more) UEs simultaneously scheduled
on the same frequency resource in the same cell. Terminals simultaneously scheduled on the same frequency resource are
typically assigned different (e.g., orthogonal) reference signal sequences in order for the eNodeB to estimate the radio channels
to each of those UEs.

[0010] A basic requirement for any cellular or other radio communications system is providing a user terminal the capability to
request a connection setup. This capability is commonly known as random access and serves two main purposes in LTE, namely,
establishment of uplink synchronization with the base station timing and establishment of a unique user terminal identity, e.g., a
cell radio network temporary identifier (C-RNTI) in LTE, known to both the network and the user terminal that is used in
communications to distinguish the user's communication from other communications.

[0011] But during the (initial) random access procedure, uplink transmissions from the user terminal cannot employ terminal-
specific scrambling sequences or reference numbers to randomize interference because the initial random access request
message from the user terminal has just started communicating with the network and neither a terminal-specific scrambling code
nor a terminal-specific reference number has not been assigned to that user terminal. What is needed is a mechanism that
permits random access messages sent over a shared uplink channel to be scrambled until a terminal-specific scrambling code
can be assigned to the user terminal. One reason to scramble random access messages is to randomize inter-cell interference,
which is also the case for scrambling during "normal” uplink data transmission. In the latter case, scrambling can also be used to
suppress intra-cell interference in case of multiple UEs being scheduled on the same time-frequency resource). Similarly, it would
also be desirable to be able to have user terminals transmit known reference signals during random access to allow the base
station receiver to estimate the uplink channel. Reference signals need to be included in the random access messages as well as
in "normal" uplink data transmissions to enable channel estimation at the eNodeB and corresponding coherent demodulation.

[0012] EP0565507 A2 describes a mobile station having means for selecting a scrambling code from a list of available
scrambling codes broadcast from another radio station to generate a random access message, see page 3, lines 30-32.

SUMMARY

[0013] The technology described below facilitates random access by a user terminal with a radio base station. This advantage
among others are according to one aspect of the present disclosure solved by a method in a user terminal according to claim 1
and a user terminal according to claim 6 as well as a method in a base station according to claim 5 and a radio base station
according to claim 10.

A user terminal determines one of a first type of uplink scrambling sequences and generates a random access message using the
determined one of the first type of uplink scrambling sequences. Its transmitter transmits the random access message to the radio
base station. The user terminal receiver then receives from the base station a second different type of uplink scrambling
sequence. The terminal uses that second different type of uplink scrambling sequence for subsequent communication with the
radio base station. In one non-limiting example embodiment, the first type of uplink scrambling sequences may be specifically
associated with the radio base station's cell area or a random access radio channel associated with the radio base station, but
they are not specifically assigned to any user terminal, and the second different type of uplink scrambling sequence may be
selected from a second set of uplink scrambling sequences specifically assignable to user terminals. Using these two different
types of scrambling sequences permits user terminals to scramble their uplink signal transmissions even though terminal-specific
scrambling codes cannot be used in the uplink during random access by user terminals.
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[0014] The user terminal transmits a first random access request message including a random access preamble to the radio
base station using a random access channel radio resource. A second random access response message is then received from
the radio base station indicating a timing change, an identified radio resource, and a temporary user terminal identifier. The
terminal adjusts a timing at the user terminal for transmitting signals to the radio base station based on information received in the
random access response message, and based on the adjusted timing, transmits a third message corresponding to the generated
random access message including the user's full terminal identity to the radio base station over the identified radio resource. The
third message is scrambled using the determined one of the first type of uplink scrambling sequence, modulated, and mapped to
a radio channel resource. The terminal receives a fourth contention resolution message from the radio base station to complete
the random access procedures and normal communications follow.

[0015] Various non-limiting embodiments map the first set of uplink scrambling sequences to some other parameter known by the
user terminal and the base station. For example, the first set of uplink scrambling sequences may be mapped to corresponding
random access preamble sequences. One of the first set of uplink scrambling sequences may then be selected based on the
random access preamble included in the first random access request message and the mapping. Another example maps the first
set of uplink scrambling sequences to corresponding user terminal identifiers and selects one of the first set of uplink scrambling
sequences based on the user terminal identifier included in the second random access response message and the mapping. A
third example maps the first set of uplink scrambling sequences to corresponding radio resources used for transmitting the
random access request message and selects one of the first set of uplink scrambling sequences based on the random access
channel radio resource used to send a first random access request message including a random access preamble to the radio
base station and the mapping.

[0016] The two type scrambling sequence approach also may be used for reference signals embedded in uplink random access
messages sent to the base station which are used by the base station to estimate the uplink channel, e.g., for equalization
purposes, etc. One of a first set of uplink reference sequences is selected, e.g., uplink reference sequences specifically
associated with a radio base station's cell area or random access channel but which are not specifically assigned to any user
terminal. Arandom access message is generated using the selected one of the first set of uplink scrambling sequences and the
selected one of the first set of uplink reference sequences. The user terminal transmits the random access message to the radio
base station. Thereafter, the base station informs the user terminal of a second different type of reference sequence to use in
subsequent uplink communications, e.g., a reference number assigned specifically to that user terminal.

[0017] In one non-limiting example implementation, the user terminal and base station are configured to communicate with a long
term evolution (LTE) radio communications network with the user terminal transmitting the first random access request message
over a random access channel (RACH) and the third message over an uplink-shared channel (UL-SCH). The user terminal
identifier sent by the base station in the second message may be a temporary user terminal identifier used until a radio network
terminal identifier (RNTI) is assigned to the user terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]
Figure 1 an example LTE mobile radio communications system;

Figure 2 is a flow diagram illustrating non-limiting, example procedures for preparing a transport block delivered from the media
access layer of a user terminal for transmission over the radio interface to the network in an LTE mobile radio communications
system;

Figure 3 is flow diagram illustrating non-limiting, example procedures for a user terminal to make a random access to the radio
network;

Figure 4 is flow diagram illustrating non-limiting, example procedures for a base station to receive and process a user terminal's
random access to the radio network;

Figures 5A and 5B illustrate a mapping between transport and physical channels in the downlink and uplink, respectively;
Figure 6 is a diagram illustrating three basic states of a user terminal,

Figure 7 is a signaling diagram illustrating a non-limiting example random access procedure;
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Figure 8 illustrates a non-limiting example of a random access preamble transmission; and

Figure 9 is a non-limiting, example function block diagram of a user terminal and an eNode B base station.

DETAILED DESCRIPTION

[0019] In the following description, for purposes of explanation and non-limitation, specific details are set forth, such as particular
nodes, functional entities, techniques, protocols, standards, etc. in order to provide an understanding of the described
technology. In other instances, detailed descriptions of well-known methods, devices, techniques, etc. are omitted so as not to
obscure the description with unnecessary detail. Individual function blocks are shown in the figures. Those skilled in the art will
appreciate that the functions of those blocks may be implemented using individual hardware circuits, using software programs and
data in conjunction with a suitably programmed microprocessor or general purpose computer, using applications specific
integrated circuitry (ASIC), programmable logic arrays, and/or using one or more digital signal processors (DSPs).

[0020] It will be apparent to one skilled in the art that other embodiments may be practiced apart from the specific details
disclosed below. The technology is described in the context of an evolved 3GPP UMTS system such as LTE in order to provide an
example and non-limiting context for explanation. See for example the LTE system diagram shown in Figure 1. But this technology
is not limited to LTE and may be used in any modern radio communications system. Moreover, the approach below which employs
two different types of scrambling sequences-one for purposes of random access and one for communications after random
access is completed-may also be applied to known channel estimation reference signals (sometimes called pilot signals).
However, the detailed explanation is provided using scrambling sequences with the understanding that similar details apply to
reference signals. For ease of description, a user equipment (UE) is often referred to without limitation as a user terminal or a
mobile terminal, and an eNodeB is referred to using the more general and familiar term base station.

[0021] Figure 3 is flow diagram illustrating non-limiting, example procedures for a user terminal to make a random access to the
radio network using an uplink scrambling code that is generally available to all user terminals desiring to randomly access service
in a particular cell. The user terminal detects a first type of uplink scrambling sequences, e.g., uplink scrambling sequences
specifically associated with a radio base station's cell area or random access channel but which are not specifically assigned to
any user terminal (step S1). A selected one of the first type of uplink scrambling sequences is determined (step S2), and a
random access message is generated using the selected one of the first type of uplink scrambling sequences (step S3). The user
terminal transmits the random access message to the radio base station (step S4). After transmitting the random access
message, the user terminal receives from the radio base station a second, different type of uplink scrambling sequence, e.g., an
uplink scrambling sequence selected from a second set of uplink scrambling sequences specifically assignable to user terminals
(step S5). The user terminal uses the second type of uplink scrambling sequence for subsequent communication with the radio
base station. Similar procedures can be used for known uplink reference signals.

[0022] Figure 4 is flow diagram illustrating non-limiting, example counterpart procedures for a base station to receive and
process a user terminal's random access to the radio network. Each base station in the network has its own set of preamble
sequences, reference signals, and non-terminal specific scrambling codes or sequences. The base station broadcasts, implicitly
or explicitly, over a broadcast channel, e.g., BCH, its set of preambles and uplink scrambling sequences (step S$10). If the base
station does not explicitly broadcast the scrambling sequence to use, the identity of the cell from which the scrambling sequence
to use may be derived for example via a mapping between sequence and cell identifier. The uplink scrambling sequences may be,
for example, specifically associated with a radio base station's cell area or random access channel and are not specifically
assigned to any user terminal. The base station then waits to receive a first random access request message from a user terminal
that includes one of the base station's preambles. In response, the base station transmits a second random access response
message to the one user terminal indicating a timing change, an identified radio resource, and a user terminal identifier. A third
message corresponding to the generated random access message that includes the user terminal identity is descrambled using
the selected one of the first set of uplink scrambling sequences (step S11). Thereafter, the base station transmits to the user
terminal a fourth message including a second different type of uplink scrambling sequence selected from a second set of uplink
scrambling sequences, e.g., uplink scrambling sequences that are specifically assignable to user terminals (step S12). The user
terminal uses the second uplink scrambling sequence for subsequent communication with the radio base station. Similar
procedures can be applied for known uplink reference signals.

[0023] To better understand the following example and non-limiting LTE random access procedure, reference is made to Figures
5A and 5B which illustrate a mapping between transport and physical channels in the downlink and uplink, respectively. The



DK/EP 2186371 T3

following are downlink transport channels: the broadcast channel (BCH), the paging channel (PCH), the downlink shared channel
(DL-SCH), and the multi-cast channel (MCH). The BCH is mapped to the Physical Broadcast Channel (PBCH), and the PCH and
the DL-SCH are mapped to the Physical Downlink Shared Channel (PDSH). The uplink transport channels include the random
access channel (RACH) and the uplink shared channel (UL-SCH). The RACH maps to the Physical Random Access Channel
(PRACH), and the UL-SCH maps to the Physical Uplink Shared Channel (PUSCH).

[0024] In LTE, as in other mobile radio communication systems, a mobile terminal can be in several different operational states.
Figure 6 illustrates those states for LTE. At power-up, the mobile terminal enters the LTE_DETACHED state. In this state, the
mobile terminal is not known to the network. Before any further communication can take place between the mobile terminal and
the network, the mobile terminal needs to register with the network using the random access procedure to enter the LTE_ACTIVE
state. The LTE_DETACHED state is mainly a state used at power-up. Once the mobile terminal registers with the network, it is
typically in one of the other states: LTE_ATIVE or LTE_IDLE.

[0025] LTE_ACTIVE is the state used when the mobile terminal is active with transmitting and receiving data. In this state, the
mobile terminal is connected to a specific cell within the network. One or several Internet Protocol (IP) or other type data packet
addresses have been assigned to the mobile terminal, as well as an identity of the terminal, a Cell Radio Network Temporary
Identifier (C-RNTI), used for signaling purposes between the mobile terminal and the network. The LTE_ACTIVE state includes
two substates, IN_SYNC and OUT_OF_SYNC, depending on whether the uplink is synchronized to the network or not. As long as
the uplink is in IN_SYNC, uplink transmissions of user data and lower layer control signaling are possible. If no uplink transmission
has taken place within a given time window, the uplink is declared to be out-of-sync, in which case, the mobile terminal must
perform a random access procedure to restore uplink synchronization.

[0026] LTE IDLE is a low activity state in which the mobile terminal sleeps most of the time in order to reduce battery
consumption. Uplink synchronization is not maintained, and hence, the only uplink transmission activity that may take place is
random access to move to LTE_ACTIVE. The mobile terminal keeps its IP address(es) and other internal information in order to
rapidly move to LTE_ACTIVE when necessary. The position of the mobile terminal is partially know to the network such that the
network knows at least the group of cells in which paging of the mobile terminal is to be done.

[0027] A non-limiting example random access procedure is illustrated in Figure 7 and includes four steps referred to as steps 1-4
with four associated signaling messages referred to as messages 1-4. The base station transmits a set of preambles associated
with that base station, RACH resource information, and other information in a broadcast message sent regularly over a broadcast
channel that active mobile terminals regularly scan. In step one, after the user terminal receives and decodes the information
broadcast by the base station (eNodeB), selects one of the base station's random access preambles and transmits it over the
RACH. The base station monitors the RACH and detects the preamble which allows the base station to estimate the transmission
timing of the user terminal. Uplink synchronization is necessary in order to permit the terminal to transmit uplink data to the base
station.

[0028] The random access preamble includes a known sequence, randomly selected by the mobile terminal from a set of known
preamble sequences available for random access purposes with a particular base station. When performing a random access
attempt, the terminal selects one preamble sequence at random from the set of preamble sequences allocated to the cell that the
terminal is trying to access. As long as no other terminal is performing a random access attempt using the same preamble
sequence at the same time instant, no collisions will occur, and the random access request will very likely be detected by the base
station. The preamble is transmitted by a user terminal on a radio channel resource, e.g., a time/frequency resource, assigned for
random access purposes, e.g., a RACH.

[0029] Figure 8 illustrates conceptually a random access preamble transmission according to the LTE specification as of this
writing. One non-limiting example for generating suitable preambles is based on Zadoff-Chu (ZC) sequences and cyclic shifted
sequences thereof. Zadoff-Chu sequences may also be used, for example, to create the uplink reference signals included in each
data frame for channel estimation purposes.

[0030] A user terminal carrying out a random-access attempt has, prior to the transmission of the preamble, obtained downlink
synchronization from a cell search procedure using timing information broadcast by the base station. But as explained above, the
uplink timing is not yet established. The start of an uplink transmission frame at the terminal is defined relative to the start of the
downlink transmission frame at the terminal. Due to the propagation delay between the base station and the terminal, the uplink
transmission will be delayed relative to the downlink transmission timing at the base station. Because the distance between the
base station and the terminal is not known, there is an uncertainty in the uplink timing corresponding to twice the distance
between the base station and the terminal. To account for this uncertainty and avoid interference with subsequent sub-frames not
used for random access, a guard time is used.
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[0031] Returning to the second random access signaling step shown in Figure 7, in response to the detected random access
attempt, the base station transmits a random access request response message 2 on the downlink-shared channel (DL-SCH).
Message 2 contains an index or other identifier of the random access preamble sequence the base station detected and for which
the response is valid, an uplink timing correction or timing advance command calculated by the base station after processing the
received random-access preamble, a scheduling grant indicating resources the user terminal shall use for the transmission of the
message in the third message sent from the mobile terminal to the base station, and a temporary user terminal identity used for
further communication between the user terminal and the base station. After step 2 is completed, the user terminal is time
synchronized.

[0032] If the base station detects multiple random access attempts (from different user terminals), then the random access
request response messages 2 to multiple mobile terminals can be combined in a single transmission. Therefore, the random
access request response message 2 is scheduled on the DL-SCH and indicated on the Physical Downlink Control Channel
(PDCCH) using a common identity reserved for random access response. The PDCCH is a control channel used to inform the
terminal if there is data on the DL-SCH intended for that terminal and, if so, on which time-frequency resources to find the DL-
SCH. All user terminals that transmitted a preamble monitor the PDCCH for a random access response transmitted using the
predefined common identity used by the base station for all random access responses.

[0033] In the third step 3, the user terminal transmits the necessary information in message 3 to the network using the scheduled
uplink resources assigned in the random access response message 2 and synchronized in the uplink. Transmitting the uplink
message in step 3 in the same manner as "normal" scheduled uplink data, i.e., on the UL-SCH, instead of attaching it to the
preamble in the first step, is beneficial for several reasons. First, the amount of information transmitted in absence of uplink
synchronization should be minimized as the need for large guard time makes such transmissions relatively costly. Secondly, the
use of a "normal" uplink transmission scheme for message transmission allows the grant size and modulation scheme to be
adjusted to, for example, different radio conditions. Third, it allows for hybrid ARQ with soft combining for the uplink message
which may be valuable, especially in coverage limited scenarios, as it allows relying on one or several retransmissions to collect
sufficient energy for the uplink signaling to ensure a sufficiently high probability of successful transmission. The mobile terminal
transmits its temporary mobile terminal identity, e.g., a temporary C-RNTI, in the third step to the network using the UL-SCH. The
exact content of this signaling depends on the state of the terminal, e.g., whether it is previously known to the network or not.

[0034] As long as the terminals which performed random access at the same time use different preamble sequences, no collision
occurs. But there is a certain probability of contention where multiple terminals use the same random access preamble at the
same time. In this case, multiple terminals react to the same downlink response message in step 2 and a collision occurs in step 3.
Collision or contention resolution is performed in step 4.

[0035] In step 4, a contention-resolution message is transmitted from the base station to the terminal on the DL-SCH. This step
resolves the contention in case multiple terminals tried to access the system on the same resource, by identifying which user
terminal that was detected in the third step. Multiple terminals performing simultaneous random access attempts using the same
preamble sequence in step 1 listen to the same response message in the step 2, and therefore, have the same temporary user
terminal identifier. So in step 4, each terminal receiving the downlink message compares the user terminal identity in the message
with the user terminal identity they transmitted in the third step. Only a user terminal that observes a match between the identity
received in the fourth step and the identity transmitted as part of the third step determines the random access procedure as
successful. If the terminal is not yet assigned a C-RNT], the temporary identity from the second step is promoted to the C-RNTI;
otherwise, the user terminal keeps its already-assigned C-RNTI. Terminals which do not find a match with the identity received in
the fourth step must restart the random access procedure from the first step.

[0036] As explained above, the user terminal identity included in message 3 is used as part of the contention resolution
mechanism in the fourth step. Continuing in the LTE non-limiting example, if the user terminal is in the LTE_ACTIVE state, i.e., is
connected to a known cell and therefore has a C-RNTI assigned, this C-RNTI is used as the terminal identity in the uplink
message. Otherwise, a core network terminal identifier is used, and the base station needs to involve the core network prior to
responding to the uplink message in step three.

[0037] In this non-limiting LTE example, only the first step uses physical layer processing specifically designed for random
access. The last three steps use the same physical layer processing as for "normal" uplink and downlink data transmission, which
simplifies the implementation of both the terminal and the base station. Because the transmission scheme used for data
transmission is designed to ensure high spectral flexibility and high capacity, it is desirable to benefit from these features also
when exchanging random access messages.
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[0038] In the example non-limiting LTE context, the general processing steps described in Figure 2 including CRC, coding,
HARQ, scrambling, modulation, and DFT-S-OFDM modulation are applied by the user terminal to message 3 in Figure 7 and
subsequent uplink transmissions from that user terminal to the base station (there is no scrambling in the initial uplink random
access message in step 1). Different uplink scrambling sequences in the terminal depend on the type of uplink transmission. For
the random access message 3, a first type of scrambling sequence is used, e.g., a cell-specific or random access channel-
specific scrambling code. For subsequent "normal" data transmissions in the uplink, i.e., when the base station has assigned a
non-temporary identity to the terminal, a second type of scrambling sequence is used, e.g., a terminal-specific scrambling code. A
similar two-type approach may be used for uplink reference signals used by the base station for channel estimation: a first type,
e.g., a cell- or random-access-specific reference signal for random access message 3, followed by a second type, e.g., a base
station-assigned or associated uplink reference signal sequence for following "normal" data transmissions.

[0039] When the base station assigns a scrambling sequence and/or reference sequence to the mobile terminal, that terminal-
specific scrambling sequence and/or reference sequence is(are) used for all subsequent uplink data transmissions for that
particular uplink connection. The scrambling sequence and/or reference sequence to be used can either be explicitly configured
in the mobile terminal or tied to the terminal identity (e.g., a C-RNTI) that the base station assigns to a mobile terminal.

[0040] In the above, the user terminal uses a cell-specific scrambling sequence to scramble message 3 because prior to
performing random access, the user terminal has decoded the base station's/cell's broadcast information and therefore knows the
identity of the cell it is accessing, the random access preambles associated with that cell, and cell-specific scrambling sequences
and/or reference numbers. As long as multiple terminals performing random access at the same time are assigned different
time/frequency resources for their respective uplink random access message 3, there is no interference between these users and
the lack of inter-user randomization is not a problem.

[0041] In a non-limiting embodiment, a one-to-one mapping is introduced between the random access preamble sequence used
in the random access request message sent in step 1 of Figure 7 and the scrambling sequence used for scrambling the random
access message sent in step 3. Because both the base station and the user terminal know the preamble used for the random
access request message sent in step 1 by the time message 3 is to be transmitted, both know which scrambling sequence to use.

[0042] In another non-limiting embodiment, the base station assigns the scrambling sequence for the user terminal to use for
scrambling message 3 as a part of the random access request response transmitted in step 2 of Figure 7, (i.e., before the
transmission of message 3). As one example, this may be done by establishing a one-to-one mapping between the temporary
user identifier sent in message 2, e.g., a temporary C-RNTI, and the scrambling sequence to use.

[0043] Yet another non-limiting embodiment links the scrambling sequence to be used by the user terminal to scramble message
3 to the time-frequency resource(s) used by the user terminal to transmit the random access preamble (message 1). In this case,
the scrambling sequence will be known to both the base station and the user terminal because both know the time-frequency
resources used for the first random access request message. For this embodiment, the scrambling sequence will be shared
between all user terminals transmitting a random access request preamble on the same time-frequency resource (s). But as long
as all those terminals are assigned different time/frequency resources for their own random access message 3, there is no
interference between these users and the lack of inter-user randomization is not a problem.

[0044] Combinations of one or more of the four different example embodiments may also be used. Again, the principles
described in the above scrambling sequence example and the four embodiments may also be used to uplink reference numbers
used for uplink channel estimation. In other words, one general or shared type of reference number may be used for uplink
random access message 3, and another terminal specific type reference number may be used for subsequent uplink
communications associated with the connection.

[0045] There may be situations when the user terminal already has been assigned a identity but will still need to perform a
random access. One example is when the terminal registers with the network, but loses synchronization in the uplink, and
consequently, needs to perform a random access attempt to regain uplink synchronization. Although the user terminal has an
identity assigned, terminal-specific scrambling cannot be used for message 3 in this case as the network does not know why the
terminal is performing the random access attempt until message 3 is received. As a result, a cell-associated scrambling sequence
rather than an outdated terminal-specific scrambling sequence needs to be used.

[0046] Accordingly, the benefits of terminal-specific scrambling for normal data transmission are kept without impacting the
functionality of the random access procedure. As described above, terminal-specific scrambling randomizes interference which
improves uplink transmission performance and provides additional flexibility in the scheduling design.
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Patentkrav

1. Fremgangsméade implementeret i en brugerterminal til anmodning om ser-
vice fra en basisstation med et celleomrade, hvor basisstationen tilbyder ra-
diokommunikationstjeneste, hvilken fremgangsmade omfatter:

- at bestemme (S1, S2) en af en forste type af uplink scrambling-sekvenser,
hvor den fgrste type af uplink scrambling-sekvenser er cellespecifikke eller
random access-kanal-specifikke scrambling-sekvenser, og

- at generere (S3) en random access-besked under anvendelse af den be-
stemte ene af den fgrste type af uplink scrambling-sekvens og

- at transmittere (S4) random access-beskeden til en radiobasisstation og

- at modtage (S5) fra basisstationen en tildeling af en anden forskellig type af
uplink scrambling-sekvens, hvor den anden forskellige type af uplink scramb-
ling-sekvens er en terminalspecifik scrambling-sekvens, og

- at anvende (S5) af den anden forskellige type af uplink scrambling-sekvens
til efterfalgende kommunikation med radiobasisstationen.

2. Fremgangsmade ifelge krav 1, hvor genereringstrinnet indbefatter scramb-
ling af information i random access-beskeden under anvendelse af den be-
stemte ene af den farste type af uplink scrambling-sekvenser.

3. Fremgangsmade ifglge krav 1, hvor transmission indbefatter modulation af
den scramblede random access-besked og mapping af den modulerede be-
sked til en radiokanalressource.

4. Fremgangsmade ifelge krav 1, hvor det forste seet af uplink scrambling-
sekvenser er cellespecifikke scrambling-sekvenser svarende til en celle for-
bundet med radiobasisstationen.

5. Fremgangsmade implementeret i en basisstation til at respondere pa bru-
gerterminaler, der anmoder om service fra basisstationen via en radiokanal,
omfattende:

at udsende (S10) en farste type af uplink scrambling-sekvens, der er specifikt
forbundet med en radiobasisstations celleomrade eller random access-kanal,
men som ikke er specifikt tildelt til nogen brugerterminal;
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at modtage (S11) fra en af brugerterminalerne en random access-besked
under anvendelse af den ene af den forste type af uplink scrambling-
sekvenser;

at tildele (S 12) til den ene brugerterminal en brugerterminalspecifik uplink
scrambling-sekvens udvalgt blandt en anden type af uplink scrambling-
sekvenser, der specifikt kan tildeles til brugerterminaler; og

at modtage (S12) en efterfolgende kommunikation fra den ene brugertermi-
nal, scramblet med den valgte brugerterminalspecifikke uplink scrambling-
sekvens til efterfalgende kommunikation med radiobasisstationen.

6. Brugerterminal (20) til anmodning om service fra en basisstation (18) med
et celleomrade, hvor basisstationen tilbyder radiokommunikationstjeneste,
omfattende elektronisk behandlingskredslgb (30) konfigureret til:

at bestemme en af en fgrste type af uplink scrambling-sekvenser, hvor den
forste type af uplink scrambling-sekvenser er cellespecifikke eller random
access-kanal-specifikke scrambling-sekvenser, og

at generere en random access-besked under anvendelse af den bestemte
ene af den fgrste type af uplink scrambling-sekvenser og
radiotransmissionskredslgb (32) til transmission af random access-beskeden
til radiobasisstationen og

radiomodtagelseskredslob (36) til modtagelse fra radiobasisstationen af en
tildeling af en anden forskellig type af uplink scrambling-sekvens, hvor den
anden forskellige type af uplink scrambling-sekvens er en terminalspecifik
scrambling-sekvens,

hvor det elektroniske databehandlingskredsleb (30) er konfigureret til at an-
vende den anden forskellige type af uplink scrambling-sekvens til efterfgl-
gende kommunikation med radiobasisstationen.

7. Brugerterminal ifolge krav 6, hvor den forste type af uplink scrambling-
sekvenser er specifikt forbundet med radiobasisstationens celleomrade eller
en random access-radiokanal forbundet med radiobasisstationen, men som
ikke er specifikt tildelt til nogen brugerterminal, og den anden forskellige type
af uplink scrambling-sekvens er udvalgt blandt et saet af uplink scrambling-
sekvenser, der specifikt kan tildeles til brugerterminaler.
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8. Brugerterminal ifglge krav 6, hvor det elektroniske databehandlingskreds-
lob er konfigureret til at scramble information i random access-beskeden un-
der anvendelse af den bestemte ene af den fagrste type af uplink scrambling-
sekvenser.

9. Brugerterminal ifglge krav 8, hvor senderen er konfigureret til at modulere
den scramblede random access-besked og mappe den modulerede besked
til en radiokanalressource.

10. Radiobasisstation (18) til at respondere pa brugerterminaler (20), der
anmoder om service fra basisstationen via en radiokanal, omfattende kreds-
lob (40) konfigureret til:

at udsende en farste type af uplink scrambling-sekvens, der er specifikt for-
bundet med en radiobasisstations celleomréade eller random access-kanal,
men som ikke er specifikt tildelt til nogen brugerterminal;

at modtage fra en af brugerterminalerne en random access-besked under
anvendelse af den ene af den forste type af uplink scrambling-sekvenser;

at tildele til den ene brugerterminal en brugerterminalspecifik uplink scramb-
ling-sekvens udvalgt blandt en anden type af uplink scrambling-sekvenser,
der specifikt kan tildeles til brugerterminaler; og

at modtage en efterfolgende kommunikation fra den ene brugerterminal,
scramblet med den valgte brugerterminalspecifikke uplink scrambling-
sekvens til efterfalgende kommunikation med radiobasisstationen.
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Detect a first type of uplink scrambling sequences, ¢.g., specifically
associated with a radio base station’s cell area or random access
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Determine a selected one of the first type
of uplink scrambling sequences.
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information included in the message.

Generate a random access message using the selected
one of the first set of uplink scrambling sequences to scramble

»

!

Transmit the random access message
to the radio base station.
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After transmitting the random access message, receive from
the radio base station a second, different type of uplink scrambling
sequence, e.g., a user terminal-specific uplink scrambling
sequence selected from a second set of uplink scrambling sequences
specifically assignable to user terminals, Use the second uplink
scrambling sequence to scramble subsequent communications

with the radio base station.
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Broadcast over a broadcast channel a first set of uplink scrambling
sequences, e.9., specifically associated with a radio base station’s
cell area or random access channel but which are not specially
assigned to any user terminal.

'

Receive from a UE over a random access radio channel
a random access message scrambled using a selected
one of the first set of uplink scrambling sequences.

!

S10

S11
e

Thereafter, transmit to the UE a second, different type of uplink
scrambling sequence, e.g., selected from a second set of uplink
scrambling sequences specifically assignable to user terminals. The
user terminal uses the second uplink scrambling sequence for
subsequent communication with the radio base station.

512
=4

Figure 4

DK/EP 2186371 T3



DK/EP 2186371 T3

g aunbi-

m\u_.a._mmoa :o_ww_Emcmz.mD ., \ /
eiqissod uoydaoal 1Q «! ’ rapqissad U
pouad XA 1Q \ ONAS NI \." ;

umouy Ajjeled uonisod » /99 UAOLD{ 0} PRJOBLLOD
- paubisse ssalppe dl «

paubisse ssalppe d|

J

.
i
H
.
'
'
'
]
1

| uoissiwsuen N ON =i ;

ONAS 40 1no

ojdeosl () =

UMOL JOU UOIISOd =
ssalppe di ON =

3ai FALLDV d3HOv13d
seyels 3N dn 1omod
g6 0inbid VG anbi4
s poossiyg. HOS(A HIOA  HOVHA oy porségg _ HOO0 HOS0 =
yundpy yuumo ~
\\\
SPPUUDYD JA0dSUDL], SPUUDYY) 140dSUDL], .0\.
yundp TN o yutpumog =TT o
HOS-1N HOWY HOW  HOS1 HOd  HOd



DK/EP 2186371 T3

/ @4nbi-{

MOV

{ssaooe wopue. fepiui)

§ OPON LI umoLB JoU ST 3N 41 A0

o _______®EPBSN_ N
(HOS &)
I o (1LNY-0) - uonnjosas uojuBo) - ¢ dajs
............. ) (HOS B
Amuspy 3N - € deig
Buruy yuidn ysnfpy
(HOS &) (seainosal olpel TN ‘8oueApe
Bupwiy) asuodsal ssadoe wopue. - Z da!
Inse p Z asis
Bunuy x| sjewns3

_ HSpONe ”

B

(HOVY ) sjiquesaud ssedoe wopuel - | dolg

(youeas 1100 wou)
Butwy yuiumop
0} 8Z1UOIYOUAS




DK/EP 2186371 T3

g ainbi4

awey; s 0L

sw

UOISSILSURY) BIBp
10} pasn saounosal yudn

uoissiwsuel) sjqueald ssaaoe
WIOPUEY 10} POAISSSL 821n0sal yuiidn



DK/EP 2186371 T3

(shriomeN 1210 ¢ y

ovJ

JepIusues}

6 2/nbi4

VAN

me

HOS-1a

i

1oA1993)
HOS- 1N

jauueyo
oipey

Y

BETN[ Y]
HOS-10

1

Jepwisuely

HOS-TN

L

<

v’
_ JOAIR08) HOYY

zv”

3

_ 19]]043U07y
or

aopoNe

wr\

oo

C 173

BENTHTENET)]
(siqueaud)

HOVY

ze”

isjonuon

an

ON\




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

