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[0001] ORTHOGONAL VARIABLE SPREADING FACTOR (OVSF)
CODE ASSIGNMENT

[0002] FIELD OF INVENTION

[0003] This invention generally relates to wireless communication systems.

In particular, the invention relates to code assignment is such systems.

[0004] BACKGROUND

[0005] In code division multiple access (CDMA) communication systems,
communications are sent over a shared frequency spectrum. To minimize cross
interference between the transmitted signals, orthogonal codes are used.
Communications transmitted with orthogonal codes through an ideal wireless
channel experience no cross code correlation, although in practice due to
multipath, the orthogonal nature of the codes may break down to some extent.
[0006] Figure 1 is an illustration of a code tree for orthogonal variable
spreading factors (OSVF). At the top of the treeis a code for a spreading factor of
one. Codes in each row further down the tree have a spreading factor twice the
factor of the row above that code. For the code tree of the time division duplex
tTDD) mode of a third generation partnership project (3GPP) wideband code
division multiple access (WCDMA) communication system, the maximum
spreading factor as shown in Figure 1 is sixteen (16). In other systems, the
maximum spreading factor may be significantly larger, such as 256 or 512.
[0007] Figure 1is an illustration of an OVSF code tree having a maximum
spreading factor of 16. The tree has one code of spreading factor 1, C1(1) of a
value “1”. Two codes, C2(2) having a value of “1,1” and C2(1) having a value of
“1,-1”, have a spreading factor of 2. Four codes, C4(4) to C4(1), have a spreading
factor of 4. Eight codes, C8(8) to C8(1) have a spreading factor of 8 and sixteen
codes, C16(16) to C16(1) have a spreading factor of 16.

[0008] The lines connecting the codes in the tree identity codes that are not
orthogonal to each other in the tree. Codes connected by lines in either only an

upward or downward direction are not orthogonal. To illustrate, code C16(16) is
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not orthogonal to code C2(2), since tracing a path from code C16(16) to code C2(2)
can be done using four upward connecting lines. Conversely, codes C16(16) and
C8(7) are orthogonal to each other. Tracing a path from C16(16) to C8(7) involves
using two upward connecting lines and one downward connecting line.
[0009] To minimize interference between communications, it is desirable to
only assign codes that are orthogonal to each other. It is also desirable to assign
the codes in an optimal manner such that the maximum number of orthogonal
codes are available for use. In an operating wireless communication system as
codes are assigned and release, unoptimal code assignments may occur reducing
the system’s capacity. |
[0010] Figures 2A is an illustration of an unoptimal OVSF code
assignment. One problem with using OVSF codes is the efficient use of the codes.
After the assigning and release of codes, codes C16(16), C16(13), C16(9) and
C16(5) are still active, as show as being filled circles. To prevent the assignment
of a code not orthogonal to these codes, all the codes above these codes are
blocked from assignment, as shown by an “X”. Accordingly, the use of C16(5)
blocks C8(3), C4(2), C2(1) and C1(1). As shown in Figure 2A, a total of ten codes
are blocked, C1(1), C2(1), C2(2), C4(2), C4(8), C4(4), C8(3), C8(5), C8(7) and C8(8)
are blocked. As a result of assigning four spreading factor (SF) sixteen codes, no
SF 2 codes are available and only one SF4 code is available. Accordingly,
services requiring an SF 2 code or multiple SF 4 codes can not be supported.
[0011] Figure 2B illustrates and efficient assignment of four SF 16 codes.
Codes C16(16) to C16(13) are used. Only five codes are blocked as a result of this
assignment, codes C1(1), C2(2), C4(4), C8(8) and C8(7). As a result, one SF 2
code is available and three SF 4 codes are available to support additional
services. The assignment of Figure 2B allows for greater latitude in code
assignment than Figure 2A.
[0012] Accordingly, it is desirable to have alternate approaches to code

assignment.
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[0013] ‘ SUMMARY

[0014] The invention includes a system and methods for orthogonal
variable spreadingvfactor (OVSF) code assignment, de-allocation and code tree
pruning. The invention also includes OVSF code identification and storage
schemes. Embodiments are provided for code tree pruning, code assignment and
de-allocation. These embodiments apply to both slotted and non-slotted code

division multiple access systems.

[0015] BRIEF DESCRIPTION OF THE DRAWING(S)

[0016] Figure 1 is an illustration of a OVSF code tree.

[0017] Figures 2A and 2B are illustrations of code allocations and the
resulting blocked codes.

[0018] Figure 3 is a simplified block diagram of a OVSF code assignment
system.

[0019] Figure 4 is a preferred OVSF code identification scheme.

[0020] Figure 5 is an illustration of a code vector.

[0021] Figure 6 is a flow chart for OVSF code tree pruning over multiple
time slots.

[0022] Figure 7 is a flow chart for OVSF code tree pruning.

[0023] Figure 8 is a flow chart of periodic code tree pruning.

[0024] Figure 9 is a flow chart of OVSF code assignment and code tree

updating procedures.
[0025] Figure 10 is a flow chart of OVSF code de-allocation and code tree

updating procedures.

[0026] Figure 11 is a flow chart modifying Figure 8 for use with a default

midamble code assignment scheme.

[0027] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0028] Hereafter, a wireless transmit/receive unit (WTRU) includes but is
not limited to a user equipment, mobile station, fixed or mobile subscriber unit,

pager, or any other type of device capable of operating in a wireless environment.
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[0029] Figure 3is a simplified diagram of a wireless communication system
using OSVF code assignment. A radio network controller (RNC) 26 has a radio
resource managehlent (RRM) device 46 for use in assigning and releasing codes.
The RRM device 46 has an associated memory for use in storing the code
assignments and other information. A Node-B has a code assignment device 42
which receives the resource allocation from the RRM device 46. The code
assignment device 42 assigns codes to the uplink, downlink or both
communications. A transmitter (TX) 40 uses the downlink code assignments to
transfer communications through the downlink channel(s) 36 of the wireless
interface 22. A receiver (RX) 38 uses the uplink code assignments to receive
communications over the uplink channel(s) 34. A WTRU 20 has a code
assignment device 32 for assigning uplink and downlink codes. The code
assignments may be signaled from the RRM device 46 to the WTRU 20. The TX
28 uses the uplink code assignments to send uplink communications and the RX
30 uses the downlink code assignments to receive downlink communications.

[0030] The following are embodiments for assigning and/or reassigning
OSVF codes. Figure 4 is an illustration of a preferred technique for identifying
the codes of the code tree. In the technique of Figure 4, the codes are identified
as sequential numbers. The spreading factor 1 code, C1(1), is identified as 1.
The spreading factor 2 codes are identified as: C2(2) as 2 and C2(1) as 3. The
spreading factor 4 codes are identified as: C4(4) as 4, C4(3) as 5, C4(2) as 6, C4(1)
as 7. The spreading factor 8 codes are identified as: C8(8) as 8, C8(7) as 9, C8(6)
as 10, C8(5) as 11, C8(4) as 12, C8(3) as 13, C8(2) as 14 and C8(1) as 15. The
spreading factor 16 codes are identified as: C16(16) as 16, C16(15) as 17, C16(14)
as 18, C16(13) as 19, C16(12) as 20, C16(11) as 21, C16(10) as 22, C16(9) as 23,
C16(8) as 24, C16(7) as 25, C16(6) as 26, C16(5) as 27, C16(4) as 28, C16(3) as 29,
C16(2) as 30 and C16(1). For systems using spreading factors larger than 16,
such as FDD/CDMA, the code tree can be expanded accordingly. -Although Figure
4 illustrates one number scheme other versions may be used. To illustrate the

sequential numbering across the rows may be done from right to left or in
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another order.

[0031] As shown at the bottom of Figure 4, the sequential code identifiers
can be grouped by spreading factor and remain in sequence. To illustrates, SF 16
code identifiers are identifiers 16 to 31. The use of such a code identifier
technique allows for reduced storage space for code assignments. Figure 5is an
illustration of such a code assignment storage. Each code identifier, 1 to 31, has
an associated bit or word 481 to 4831 to indicate the current status of the code,
such as being “currently assigned”, “blocked” or “available”. A “blocked” codeisa
code that cannot be assigned due to another “currently assigned” code. To
illustrate, C8(1) is blocked if either C16(1), C16(2), C4(1), C2(1) or C(1) is being
used. Additional status information may be provided, such as an indicator of the
number of blocking codes may also be provided.

[0032] This code identification storage approach allows for essentially a
concise vector to contain the code assignment information, instead of utilizing
some form of list or table. However, the following code assignment approaches
can be used or adapted for use with a vector, table, list or other storage
techniques.

[0033] One preferred code status word uses a two bit element. The first bit
indicates if the code is blocked. A “0” indicates that the code is not blocked and a
“1” indicates that the code is blocked. The second bit indicates if the code is
blocked by one code in its sub-tree or both codes in the sub-tree. A “0” indicates
one code and a “1” indicates two codes. For example, if code 8 is used and code 9
is free, then code 4 is blocked by one code only, and it is marked as “10”; if codes
8 and 9 are used, then code 4 is blocked by both codes in its sub-tree, and it is
marked as “11”. If a code is being used currently, it is marked as “11”. “01”
preferably indicates that the code cannot be used in that timeslot.

[0034] Figure 6 is a preferred tree pruning approach for use in slotted
CDMA communication systems, such as in TDD/CDMA. Tree pruning is a
reassignment of codes to allow for more flexibility in future code assignments.
Although the following describes code pruning in a left to right fashion, other

code assignment orders can be used such as right to left among others.
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[0035] A new call is to be added and codes are assigned to the call, step
100. The pruning is begun with a first time slot of set of timeslots for potential
assignment and reassignment. To illustrate, in a TDD/CDMA system in which
slots 2, 4, 6 and 10 may be used for uplink transmissions, slot 2 could be deemed
the first slot, slot 4 the second and so on. The leftmost available code of the
highest spreading factor (SF) in that time slot is evaluated, step 102. Ifthere are
no codes of that SF available in the first time slot, subsequent time slots are
searched until a code is found. Although the flow chart of Figure 6 is described
as by moving from a highest to lowest spreading factor, the differing spreading
factors can be processed from lowest to highest or in another order.

[0036] After a code is found, a highest SF code in any time slot that can be
moved left into this time slot is determined, step 104. That determined code is
relocated leftwards, step 110. If other codes can be moved leftwards, these codes
are also relocated, step 112. The relocation procedure is repeated for the next
time slot, steps 106 and 108. If there are no time slots that have not been
evaluated, the leftward relocation is performed for the next higher spreading
factor, steps 114 and 118. This process is repeated until the lowest spreading
factor is reached, such as SF 1, step 116. Codes having a SF of 1 are preferably
not relocated and the process ends.

[0037] The algorithm of Figure 6 is preferably invoked for after every new
call. The algorithm, in summary, starts pruning the trees with the lowest layer
codes and from the rightmost timeslot and code. If a code can be reallocated to
any other place to the left, the code is moved. After all the possible codes in the
lowest layer are moved, the algorithm moves up one level and repeats the same
procedure. It continues until one layer before the highest is reached (i.e. in the
TDD case, codes with SF1 typically do not need to be reallocated).

[0038] Another approach, as per Figure 7, limits the tree pruning to
pruning within individual time slots. This code approach can be applied also to
non-slotted system as well. After the new call is assigned a code, step 120, the
rightmost code with a highest SF is selected, step 122. If the rightmost highest
SF code can be relocated leftward, step 124, the code is relocated leftward, step
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130. If another highest SF code can be relocated leftward, step 132, it is
relocated, step 130. The leftward relocating is repeated for each lower spreading
factor in order, step 126. After the lowest SF is reached, such as SF 1, step 128,
the procedure is ended.

[0039] In summary, after every new arrival, the algorithm of Figure 7 is
invoked. The algorithm starts pruning the tree with the lowest layer codes and
from the rightmost code. If a code can be reallocated to any other place to the left,
the code is moved. In the preferred approach, each code is reallocated as far to
the left as possible. After all the possible codes in the lowest layer are moved, the
algorithm moves up one level and repeats the same procedure. It continues until
one layer before the highest is reached.

[0040] Figure 8 is another preferred algorithm for tree pruning. This
algorithm acts only periodically and limits the maximum number of
reallocations. Such an approach reduces the overall processing required.
Additionally, the overhead associated with reassignment is also reduced. This
algorithm also looks at the tree’s code fragmentation. Code tree fragmentation is
measure of the number of blocked codes within that tree. Although this approach
is described with its preferred application in a slotted CDMA system, it can also
be applied to non-slotted systems.

[0041] After a certain number of arrivals, such as “X”, step 134, the
algorithm is invoked. The algorithm initially looks at the fragmentation of the
trees in each time slot. If at least one of the trees is fragmented more than a
certain threshold, such as T, step 136, the algorithm starts pruning the trees
with the lowest layer codes and from the rightmost timeslot and code, step 138.
If a code can be reallocated to any other place to the left, step 150, the code is
moved and a counter, such as tracked by a variable “Num_reall”, that keeps track
of the number of reallocations is updated. If the maximum number of
reallocations is reached, step 152, the algorithm ends. If the maximum number
of reallocations is not reached, the algorithm continues. After all the possible
codes in the highest spreading factor are moved, steps 154 and 142, the algorithm

moves up to the next highest spreading factor and repeats the same procedure,
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steps 146 and 148. The procedure is repeated for each lower spreading factor,
unit the lowest spreading factor, steps 148, 156.
[0042] Variations to these code management schemes may also be used.
Codes with a low SF can be allocated right-to-left, whereas codes with high SF
can be allocated from left-to-right, thus concentrating codes for similar services in
the same timeslots. The code tree pruning algorithms may also make use of the
code management scheme in order to give priority to arrivals that request either
a high or low SF.
[0043] Figure 9 is a preferred algorithm for assigning OVSF codes. A
preferred use for this algorithm is in uplink code assignment for the TDD/CDMA,
although the algorithm can be used for other applications. The preferred
algorithm uses a code vector having two bit code status elements as previously
described and the code tree of Figure 4.
[0044] Initially, a variable, such as “x” is set to Q, where Q is the SF of the
code requiring assignment, step 200. An initial node having that SF in the tree
is checked to see if it is free (v(x) = “00”), step 202. If it is, the parent node (the
connected node having a lower spreading factor) is checked to see if it is blocked
(“10”), step 204. If it is blocked, node x is assigned, step 216. A variable “5”
representing the assignment is set to “x”, step 218, and the algorithm proceeds to
step 220.
[0045] If the parent node is not blocked, assigning that node may not be
optimal (“non_optimal” = “x”), step 206. The next node is checked (x =x+1), step
208. If the next node has the same SF (x < 2*Q), step 210, the algorithm goes to
step 202 to determine if that node is optimal or not. If not, the “non_optimal”
node is selected for assignment, step 212. The variable “S” is set to “non-
optimal”, step 214, and the algorithm proceeds to step 220.
[0046] The element of node S is marked as assigned (v(S) = “11”), step 220.
The connected node having a SF lower than the assigned node is updated

(Upnode = Ls/ZJ), step 222. If UpNode = 0, that indicates that all the nodes have
been updated, step 224, and the algorithm proceeds to step 234. If not v(UpNode)
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= “00”, indicating that the node is available, step 226, that node is blocked
(v(UpNode) = “10”), step 228. The next higher node (having a lower SF) is
checked (UpNode = |_UpNode/2_J, step 230. If v(UpNode) = “11” (indicating that

the node was blocked by one and now is blocked by two codes), step 232, the
procedure to go up the tree is finished, step 234.

[0047] The algorithm proceeds to update down the tree (initialize
DownNode = S*2), step 236. The number of nodes to be checked below the
current node is two (initialize number_nodes = 2), step 238. The algorithm
checks to see that the bottom of the tree has not been passed (DownNode < 32),
step 240. Ifthe bottom is passed, the update is complete, step 254. If the bottom
was not passed, a count is initialized (initialize count = 0), step 242. The node
indicated by the count is blocked (v(DownNode+count) = “11”), step 244. The
algorithm increments the count and proceeds to the next node (count = count +
1), step 248. If count is < number_nodes, step 248, the algorithm checks the next
node and goes to step 244. If count is >= number_nodeé, the algorithm checks on
level lower in the tree (DownNode = 2¥*DownNode), step 250. The nodes checked
in the lower level is doubled (number_nodes = 2*number_nodes), step 252.
[0048] Figure 10 is a preferred algorithm to update a tree after a code has
been released (de-allocated). A variable “S’ is set to the value of the node being
de-allocated, step 256. That node, S, is marked as free (v(S) = “00”), step 258.
The nodes higher in the tree are updated (initialize UpNode = |_s/2J ), step 260.

The algorithm checks to see if the top of the tree has not been passed (UpNode =
0), step 262. If the top of the tree is passed, lower nodes in the tree are checked,
step 272. If the top is not passed, the current node is blocked by one code
(v(UpNode) = “10”), step 264, that node is marked as being available (v(UpNode)
= “00”), step 266. The algorithm proceeds to check the next higher node in the
tree (UpNode = | UpNode/2 ), step 268, and the algorithm checks this node. Ifthe

node was blocked by two codes, it is set as being blocked by one node (v(UpNode)
= “10”), step 270. ‘
[0049] To update down the tree, the “DownNode” variable is initialized
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(DownNode = S*2), step 274. The number of nodes to update below the node is
initialized (number_nodes = 2), step 276. If the bottom of the tree is passed
(DownNode >= 32), the tree has been updated, step 292. Ifnot (DownNode < 32),
a count is initialized (count = 0), step 280. The node indicated by the count is
freed for assignment (  v(DownNode+count) = “00”), step 282. The count is
incremented (count = count + 1), step 284. If the number of nodes updated is not
passed (count < number_nodes), the updating is repeated for the next count, step
986. If it is passed (count >= number_nodes), the next level down the tree is
checked (DownNode = 2¥*DownNode), step 288. The number of analyzed nodes in
the lower level is twice that of the prior level (number_nodes = 2%
number_nodes), step 290, and the updating is repeated.

[0050] One embodiment of the invention relates to code assignment for the
default midamble allocation scheme of the TDD mode of 3GPP W-CDMA.
Midambles are part of the physical channel configuration for TDD. Different
midamble allocation schemes exist for TDD. One is a WTRU specific midamble
allocation, applying to both the uplink and downlink. For the WTRU specific
midamble allocation, a specific midamble is explicitly assigned to all physical
channels of a specific user. Another scheme is default midamble allocation,
which also applies to both the uplink and downlink. For this scheme, the
midamble used is determined by a pre-defined association between the
midambles and the assigned channelization codes.

[0051] Another scheme is the common midamble allocation, which applies
only to the downlink. In this scheme, a common midamble is allocated to all
physical channels in a specific timeslot. For the WTRU specific and common
midamble schemes, the codes may be assigned to users without considering the
midamble assignment.

[0052] However, for the default midamble, the association between the
midambles and the chanelization codes is used in the code allocation scheme.
Depending on the burst type and the value of Kcell, as defined by the standards,
different associations apply. The burst type and the value of Kcell are
individually configurable in the Radio Network Controller (RNC) for each
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timeslot by, for example, an operations and maintenance (O& M) function, or a
function in the RNC such as radio resource management (RRM) dynamic channel
allocation (DCA). The configuration is signaled to the WTRU via RRC signaling
and, accordingly, the association is known by the WTRU.

[0053] For default midamble allocation, the association between midambles
and channelization codes defines primary and secondary channelization codes.
The following rules apply: each secondary channelization code is associated with
a single primary channelization code; each secondary channelization code uses
the same midamble as the primary channelization code with which it is
associated; secondary codes can only be allocated if the associated primary code is
also allocated; all channelization codes associated with the same midamble can
only be allocated to the same WTRU; and for common and WTRU specific
midamble allocations, all codes can be considered to be primary codes.

[0054] In order to perform code assignment for the default midamble
scheme, each code is preferably given an additional flag indicating whetheritis a
primary or secondary channelization code, a midamble designation (which could
also be called a code group designation) with one of Kcell different possible values
(e.g., 0 through Kcell-1), and a tag to be used for the WTRU association.

[0055] Figure 11 is a flow chart for replacing steps 200-220 of Figure 9 for
use in allocating codes for the default midamble scheme. The tag for WIRU
association could be provided for each channelization code or just for each
midamble, since each code is already associated with a given midamble. The
association with a midamble for a WTRU would imply association with that
WTRU.

[0056] The procedure attempts to find the most optimal available code
(code marked “00”) for a given user (WTRU). The first (most desirable) choiceis a
secondary code associated with a midamble that is already assigned to the user.
This type of code is classified as a class 1 code. The second choice is a primary
code that has a parent, which is already blocked by one code (parent marked as
«10”). This code is classified as a class 2 code. The third choice is a primary code

that has a parent which is not blocked, which is classified as a class 3 code.
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Secondary codes associated with a midamble belonging to a different user would
not be considered for assignment.

[0057] The most preferred algorithm scans from left to right, starting at the
left-most code in the tree in that level, although other scanning directions may be
used. For each available code, we determine which, if any, class it belongs to. If
a class 1 is found, an immediate assignment is made. Otherwise, the left most
codes in classes 2 and/or 3 are remembered for possible assignment in the case
the scan ends without finding a class 1 code.

[0058] The following variables are used in the preferred algorithm:
Optimal_Primary for a code in class 2 and Non_Optimal_Primary for a code in
class 8. A variable, x, is initialized the value of the spreading factor, x = Q, step
300. Q is the SF of the code to allocate.  Optimal_Primary and
Non_Optimal_Primary are set to zero. The variable v(x) is checked to see if it
equals “00”, indicating that it is free, step 302. Ifx is a secondary code, step 304,
and the midamble associated with code x is assigned to the user, step 306, the
selected code S is set to x (S=x), step 308. Then, the algorithm jumps to step 336.
[0059] If x is not a secondary and is a primary, step 310, and
Optimal_Primary = 0, step 312, (an optimal code has not been found optimal
yet), the left most primary code is saved as optimal for later use, if a secondary
code is not found. The parent code is checked to see if it is blocked by one (v(x/2)
= “10”), step 314. If it is, Optimal Primary is set to the current x
(Optimal_Primary = 0), step 320, and the next code is checked (x=x+1), step 322.
If the parent is blocked, a check is done to determine whether a non-optimal
primary code is found (Non_Optimal_Primary = 0), step 318. Subsequently, the
next code is checked (x=x+1), step 322.

[0060] If the next code is within the same spreading factor, (x<2*Q), step
324, the procedure is repeated for the next code and the algorithm goes to step
302. Ifthe next code is not in the same spreading factor, a check is done to see if
an optimal primary code is found (Optimal_Primary = 0), step 326. Ifan optimal
primary has been found, the code is set to the optimal primary S =

Optimal_Primary), step 328. The midamble of the assigned code S is assigned to
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the user, step 330.

[0061] Ifa non-optimal primary is found (Non_Optimal_Primary = 0), step
332, S is set to the non-optimal primary (S = Non_Optimal_Primary), step 334.
The midamble of the assigned code S is assigned to the user, step 330. After the
midamble is assigned, the assigned code is marked as being assigned (v(S) =
«“11”), step 336, and the code tree is updated accordingly, step 338. If no
secondary or primary codes are available, a code cannot be assigned, step 340.
[0062] Since the de-allocation procedure simply consists of updating the
code tree, the previously described procedure for code de-allocation can be used in
case of default midamble allocation with the addition of one step. After the
completion of the de-allocation of a primary code, the midamble associated with
that code would be disassociated from that user (WTRU).

[0063] Preferably, the entity that invokes the procedure after deciding
which code to de-allocate (e.g., a Radio Resource Management function) ensures
that a primary code is only de-allocated if all its secondary codes are not
assigned. Optionally, a step could be added at the beginning of the de-allocation
procedure to verify that a primary code is not being de-allocated when its
associated secondary codes are still assigned. Ifany associated secondary is still
assigned, the de-allocation procedure would exit and indicate a code assignment

failure.
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CLAIMS

What is claimed is:

1. A method for reassigning codes of an orthogonal variable spreading
factor (OVSF) code tree in a code division multiple access communication system,
the code tree having a plurality of codes at differing spreading factors and having
a plurality of branches between the codes of different spreading factors, if a
particular code of the code tree is assigned, a lower spreading factor code of the
code tree connected to that code by one of the branches is blocked from
assignment, if a code of the code tree is blocked, a code of the tree of a lower
spreading factor connected to that code by one of the branches is blocked from
assignment, the method comprising:

starting at a first spreading factor:

(a) determining selected assigned codes of that spreading factor that
can be reassigned to other codes of that spreading factor in a desired direction of
the code tree; and '

(b) reassigning the selected assigned codes to the other codes; and

for each other spreading factor, repeating steps (a) and (b).

2. The method of claim 1 wherein the other codes are within a same

time slot as the selected codes.

3. The method of claim 1 wherein at the least one of the other codes is

in a different time slot than the selected codes.

4. The method of claim 1 wherein steps (a) and (b) are only performed

if under a threshold number of codes are blocked in a time slot.

5. The method of claim 1 wherein a number of the reassigned codes is

limited.
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6. The method of claim 1 wherein the first spreading factor is a highest

spreading factor.

7. A radio network controller (RNC) having a radio resource
management device, the radio resource management device having a memory for
storing a representation of an orthogonal variable spreading factor (OVSF) code
tree, the code tree having a piurality of codes at differing spreading factors and
having a plurality of branches between the codes of different spreading factors, if
a particular code of the code tree is assigned, a lower spreading factor code of the
code tree connected to that code by one of the branches is blocked form
assignment, if a code of the code tree is blocked, a code of the tree of a lower
spreading factor connected to that code by one of the branches is blocked from
assignment, the radio resource management device capable of performing steps
comprising:

starting at a highest spreading factor:

(a) determining selected assigned codes of that spreading factor that
can be reassigned to other codes of that spreading factor in a desired direction of
the code tree; and

(b) reassigning the selected assigned codes to the other codes; and

for each lower spreading factor in sequence, repeating steps (a) and (b).

8. The RNC of claim 7 wherein the other codes are within a same time

slot as the selected codes.

9. The RNC of claim 7 wherein at the least one of the other codes is in

a different time slot than the selected codes.

10. The RNC of claim 7 wherein steps (a) and (b) are only performed if

under a threshold number of codes are blocked in a time slot.
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11. The RNC of claim 7 wherein a number of the reassigned codes is

limited.

12. The RNC of claim 7 wherein the representation of the code tree is

stored as a vector.

13. The RNC of claim 12 wherein the vector includes an element for

each code of the code tree in sequence.

14. The RNC of claim 13 wherein all the element of codes having a same

spreading factor are contiguous.

15. The RNC of claim 13 wherein each element has two bits, one bit of
the two bits indicating whether the code of that element is blocked and another
bit of the two bits indicating whether one or multiple codes are blocked by the
code of that element.

(‘

16. A method for assigning, de-allocating or updating codes in an
orthogonal variable spreading factor (OVSF) code tree, the tree having rows and
each successive row down the tree having double a spreading factor of a
preceding row, the method comprising:

providing each code a numeric value, wherein each code in a row lower in
the tree has a value at least twice that of the assigned numeric value of the
numeric value assigned to that code; and

assigning, de-allocating or updating codes in an orthogonal variable

spreading factor (OVSF) code tree using the provided code.

17. The method of claim 16 wherein the providing each code a numeric
value includes using a binary tree where each node represents a channelization
code and providing a numeric value for each node, wherein the numeric value of a

lowest spreading factor is one and the two children nodes of each parent node are
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assigned a numeric value equal to twice the numeric value of that parent node or

twice the numeric value of that parent node plus one.

18. The method of claim 16 wherein a change in state of a specified code
requires updating of a code that has the code numeric value of two times that of
the code numeric value of the specified code and two times that of the code

numeric value of the specified code plus one.

19. The method of claim 16 wherein a change in state of a specified code
requires updating of a code that has the code numeric value of an integer less

than or equal to half of the code numeric value of the specified code.

90. The method of claim 16 wherein a spreading factor of 1 code has a
code numeric value of 1, spreading factor 2 codes have code numeric values of 2
and 3, spreading factor 4 codes have code numeric values of 4, 5, 6 and 7,
spreading factor 8 codes have code numeric values of 8, 9, 10, 11, 12, 13, 14 and
15, spreading factor 16 codes have code numeric values of 16, 17, 18, 19, 20, 21,
292, 23, 24, 25, 26, 27, 28, 29, 30 and 31.

21. A method for identifying codes in an orthogonal variable spreading
factor (OVSF) code tree for use in code allocation, the tree having rows and each
successive row down the tree having double a spreading factor of a preceding row,
the method comprising:

sequentially numbering each code in the OVSF code tree, wherein codes

having a same spreading factor are in sequence.

99. The method of claim 21 wherein the sequential number starts at a

code having a lowest spreading factor and identifying that code as 1.
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23. A method for indicating code availability for codes in an orthogonal
variable spreading factor (OVSF) code tree for use in code allocation, the method
comprising:

assigning each code an indicator, the indicator having two bits, a first of
the two bits indicating whether the code is blocked by use of another code and a

second of the two bits indicating whether the code is blocked by one or two codes.

94. The method of claim 23 wherein the first bit having a value of 0
indicates that the code is not blocked and the first bit having a value of 1
indicating that the code is blocked and the second bit having a value of 0
indicating that the code is blocked by one code and the second bit having a value

of 1 indicating that the code is blocked by two codes.

-18-



PCT/US2003/022637

| "9l

1114

(z)910 ()90 (9)910 (8)aro {(01)910 (z1) .ﬁo (b1)910 S:SO
Q Q - Q Q |48
(1)910 (g)910 ; 910 :za (6)910 (31)910 5:6 G:ms

84S

(1)80 (z)80 (¢)eg  (¥)eo (s)eo (9)89 (L)go _(g)80

¥ 1dS
¢ 145
b {48

(1)10

WO 2004/010591

SUBSTITUTE SHEET (RULE 26)



PCT/US2003/022637

WO 2004/010591

2114

Y¢ 9l4

Q

(z)910

(L)oo

(1)89

(v)910

Q
(¢)aio

(z)80

(9)9i0

. Q
(g)a1o (2)919

(e)8d

(glaLo (oL)9L0 ::20 (p1)910

(¥)80

(¢)go  (9)89 (2)8

235

Q
:,.::o (11)910 5:6 m:eo

. (8)80

(1)1,

b S

814§

35

48

48

SUBSTITUTE SHEET (RULE 26)



PCT/US2003/022637

WO 2004/010591

3/14

gz ‘914

Q

(z)ato

()91

(1)89

(#1910

Q
(g)910

(z)sa

(9)910

(8)9L9

Q Q
(g)a1o (2)9t0

(¢)8o

()80

Q

(01)940

(6)910

(s)eo

Q
(+4)910

(9)89

(z1) mvo (P1)910

Amvvwvo

Am_vmvo w AerOvo W

(£)eo

. (8)80

(110

ER)

45

SUBSTITUTE SHEET (RULE 26)



PCT/US2003/022637

WO 2004/010591

4114

g Ol
QYoM ¥O Li9
43sn 3400

EIE
€ Ol

17 —
3030

_.mmv o o o wwv nw.v ww.v mw.v vm.v mwv ww.v vmv
Y 8 L 9 ¢ v ¢ 7
rAY — ch =
30IA30 301A30
LINIWNOISSY LINIWNDISSY
2009 o 3009
08— A 07 —
STINNVHO
Xy YNIINMOG X
- STINNVHO
\ﬁ NN \xm N
8¢
. pe 7 8t
0 nuLM 7z WVEINL g 00w

SREREL

WYy

AYOWIW
/

SUBSTITUTE SHEET (RULE 26)



PCT/US2003/022637

WO 2004/010591

5114

F Ol

91=45

8=48

=

45

2=4S 1=48

|ve]oc|62]82]s2] 92| sz ve|ce]ze] e oz 6L [ar[Li[or]si]vi]e e[ b ]or] 6 (8 [ o fs[v €e[2] }]

(z)alo
i 0g
o

{(v)ato
62 82

(9)910
14

Q

(+)a10

Q 6 Qg O

(g)ato

(¢)aLo

(z)80

(1)80Q
)

(1)¥0 Q
L

142

(g8 Q
)

(8)9L0
AR~/

AN ®

(2)alo

(+)80 O
41

(2)990
9

(120 g

(ok)9lo
€2
)

ke

(z+)9Lo
02 6

(#1)910

8}

40133A 3000

(9L)aio
1} 9}

Q

(6)a1o

Q

(+1)9l0

> g

(¢

}

b,
)919

o Q Q9
(s1)910

(6)80Q
b

(9)80 0
0

b

(£)80 Q
)

(8)80Q)

8

8

{(£)%0 Q
g

(v)$9 Ov 1%

(2)20 &

(1100

1S

4

48

48

48

SUBSTITUTE SHEET (RULE 26)



WO 2004/010591 PCT/US2003/022637

6/14

( IDLE

START FROM THE
LEFTMOST UL TS
AVAILABLE AND CODES | I~ STEP 102
WITH A HIGHEST
SPREADING FACTOR

IS THERE STEP 104 ¢ STEP 110
A CODE THAT
CAN BE RELOCATED \'ES RELO%JS THE
LEFTWARDS IN THIS OR LEFTWARDS
ANY OTHER

T8?

STEP 106

CODE THAT CAN BE
RELOCATED
LEFTWARDS ?

STEP 112

ARE THERE MORE TS
RIGHTWARD ?

NO

- STEP 108

MOVE TO THE NEXT
UL Ts

SF=§FI2 | ~—STEP 114

KSTEP 118

STEP 116 MOVE BACK TO THE
LEFTMOST UL TS AND
CODES WITH RF

YES

FIG. 6

SUBSTITUTE SHEET (RULE 26)



WO 2004/010591

7114

IDLE )

&
> NEW CALL ARRIVAL I~_- STEP 120

START FROM THE

THE HIGHEST SPREADING
FACTOR

STEP 124

CAN
THE RIGHTMOST
CODE BE RELOCATED
LEFTWARDS IN

- STEP 126

SF=8F/2

0 a STEP 128

YES

(=0 )
FiG. 7

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/022637

RIGHTMOST CODE WITH ~_ STEP 122

-

STEP 130

RELOCATE THE
CODE
LEFTWARDS

RELOCATED
LEFTWARDS

CODE THAT CAN BE

STEP 132



WO 2004/010591 PCT/US2003/022637

8/14

IDLE

s STEP 134 STEP 136

> NEW X ARRIVALS IS MAX(FRAG)>T?
NO
START FROM THE | [~_ STEP 138
RIGHTMOST UL TS
AVAILABLE AND CODE
WITHSF=16
STEP 140 ~ STEP 150
THE RIGHTMOST
CODE BE RELOCATED (RELOGATE THE
LEFTWARDS IN THIS NUM REALL++
STEP 142 STEP 152

IS NUM_REALL =
MAX_REALL?

ARE THERE MORE TS
LEFTWARDS ?

(STEP 144

MOVE TO THE NEXT
UL TS

NO

CODE THAT CAN BE
RELOCATED
LEFTWARDS YES

y NO
SF=SFI2 | |~—STEP 146

- STEP 156
STEP 148 MOVE BACK TO THE
RIGHTMOSTUL TS | }———
AND CODES WITH S
YES i

FiG. 8

SUBSTITUTE SHEET (RULE 26)



WO 2004/010591

PCT/US2003/022637
9/14

INITIALIZE x=Q
(Q IS THE SF OF THE FlG 9 A
CODE TO ALLOCATE)i~ STEP 200 !

STEP 202 ¢ STEP 208

IS v(x) ="00"? No x=x+1

(CHECK IF THE CODE (CHECK THE
IS FREE) NEXT NODE)

NON_OPTIMAL
=x

Yes

N

IS STEP 204 STEP 206
V(x/2) ="10"? No

(CHECK IF PARENTIS
BLOCKED)

STEP 210
IS x<2Q?

(CHECKIF THIS
NODE IS WITHIN

Yes

v SF=Q)
es
T SR
SELECTNODE NON_OPTINAL,
THAT x REPRESENTS ALLOCATE THE CODE THAT
i NON_OPTIMAL REPRESENTS
S=x (SISTHE | _
seecTepnopg) [~ STEP 218 — Non_!)pnMAL
- (SIS THE
1. SELECTED NODE)
VS)="1" (MARK S AS |_
( ASSIéNED) STEP 220 C sTep 214
!
INITIALIZE UPNODE= | _
i) STEP 222
/v STep 224 UPNODE (Goruf T
oo QUPNODE ONE MORE LEVEL)
NO
STEP 226 — STEP 228
v(UPNODE) = "10"
(NODE IS BLOCKED
BY THE DOWN SIDE
NO
~ v(UPNODE)="{4"
(NODE IS BLOCKED BYBOTH [~STEP 232
CODES OF ITS SUBTREE)

i
(Bj TOFIG, 9B (A ) TOFIG. 98

SUBSTITUTE SHEET (RULE 26)



WO 2004/010591 PCT/US2003/022637

10/14

FROMFIG. 9A FROMFIG. 9A
Fic. 9B

Y9

THE PROCEDURE TO GO UP THE

TREE TO UPDATE CODE VECTOR IS
. FINISHED ~STEP 234

PROCEED WITH PROCEDURE TO
GO DOWN THE TREE

1

INTIALIZE
DOWNNODE=s*2 [~ STEP 236

\
INITIALIZE NUMBER —~STEP 238

_NODES =2
t Y
\QTEP 240
NO STEP 254
i (
INITIALIZE COUNT=0 THE PROCEDURE TO GO DOWN
—1 THE TREE TO UPDATE THE CODE
STEP 242 VECTOR 1S FINISHED

v(DOWN NODE + COUNT)="11"
(BLOCK THE NODE IN THE DOWN |—STEP 244 !

SIDE SUBTREE) ( THEEND )
1

COUNT = COUNT +1 | _
(GO TO THE NEXT NODE) STEP 246

DOWNNODE=2*DOWNNODE | _
(GO DOWN ONE MORE LEVEL) STEP 250

|

NUMBER _NODES = L _ STEP 252
2*NUMBER _NODES

SUBSTITUTE SHEET (RULE 26)



WO 2004/010591

PCT/US2003/022637
11114
LET S BE THE
NODE THAT
REPRESENTS THE ~ STEP 256
CODE TO BE
DE - ALLOCATED
!
v(§)="00"
(MARK THE CODE [~ STEP 258
AS FREE)
!
INITALIZE UPNODE =
[512] ~STEP 260
) UPBBDE
STEP 262 =
[UPNODE /2] | _
(GO UP one [ STEP 268
MORE LEVEL)

i

|

v(UpNode) = "00"
(NODE IS MARKED
AS FREE)

~ STEP 266

v(UPNODE ) ="10"
(NODE WAS
BLOCKED BY TWO
CODES AND NOW
BLOCKED BY ONE
CODE IN ITS SUBTREE)

~STEP 270

{

THE PROCEDURE TO
GO UP THE TREE
TO UPDATE CODE

VECTOR (S FINISHED

PROCEED WITH

PROCEDURE TO GO

DOWN THE TREE

~STEP 272

o

TO FIG.10B

FiG. 10A

SUBSTITUTE SHEET (RULE 26)



WO 2004/010591 PCT/US2003/022637

12114
C‘P FROM FIG. 10A
NTAUZE ]

DOWN NODE=§*2

Y

INIIALIZE
NUMBER NODES =2 |~ 270

218
NO

1S DOWN NODE <

Y
THE PROCEDURE TO
GO DOWN THE TREE
280 TO UPDATE THE |~ 292
C CODE VECTOR IS
INITIALIZE COUNT =0 FINISHED

_ r
‘ (THE END )

v( DOWN NODE +
COUNT) ="00"
(FREE THE NODE IN [~ 282
THE DOWN SIDE
SUBTREE)

{

COUNT=COUNT + 1
(GO TO THE NEXT |~ 284
NODE )

286

S
COUNT
>=NUMBER _
NODES

YES

DOWN NODE =
2*DOWNNODE | _paq
(GO DOWN ONE

MORE LEVEL)

|
NUMBER NODES =

2*NUMBER Nopes |~ 290 Fic.10B

SUBSTITUTE SHEET (RULE 26)



PCT/US2003/022637

WO 2004/010591

13114

844 '014 OL
OO0
| (¥WILdO- NON
(3009 3LYAIONYD 3AVS)
1X3aN) _ X=ANVIINd
b+X=X IVWILO NON
J 1 /
el 0Z¢

JAVS) X =

(TYWILJO ALYAIONVD

AYVINIYd TYHLLJO

/
9i¢

3009 Q3193138
3HL SI8) X=§

S3A

80¢

Vil

/

90¢

8ie

{annod
AQvayTY)

(L3A aNno4 LON
009 AHVKIY TYWILIO- NO
41 M03HO) ¢0= AUVININd
TVHILO NON

(anno4d

AQVINTY)

ON

(1 AG
a3no074 Sl

IN3yvd 31 %03HD)

(13A aNno4
LON 3009 AYVHIYd
TWHILO 41 ¥03HD) 0=

A¥YIWIYd TWWILJO

O,

(ANYWIYD
S| 3009 41 ¥93HD)

6 435N SIHL
0L Q3LVIO0SSY X
40 318WYaIN S

S| 3009 41 ¥03HD)
(AYYANOD3S SI X

Si 3009 41 ¥03HD)
4u00, =(X)A

| 841914 WOY

00€ ™

{GNNO4 LON SV TVIWLLJO - NON
ANV IWWLLO JZIVLLINI)
0= AYYWINd TYWLLAO NON
0= AYYWIYd TYWILJO
(31¥90TW OL 3000 3HL 40 48 3HL I D)

=X *FZIVLLINI

SUBSTITUTE SHEET (RULE 26)



PCT/US2003/022637

WO 2004/010591

14114

g]1'914

(3009 03193138
3HLSIS)
ANVIINd TYWLLJO NON=S

veg”

gee
)
EERT]
3009 3Lvadn
|

(@3noIssy ¥35N SIHL OL §
SV S MuVW) 3009 40 I1aWvVaIN

abbn={SA 3HL 3LVID0SSY

988~ | 0ge 7

(3009 Q3193138

3HL 81 8)
AMYWINd TVAILIO =8

gce %

JUNTIY4 HLIM LIX3

@3Lvo0T11v
39 LONNVD 3000 3HL

ovm\

(aNnod
AYVIINA TYWILJO - NON

41 ¥O3HD) ¢0 =
AdVHIYd TYIRLLJO NON

cee

(aNno4
AYVININA - TYIWLLAO dI YO3HO)
40 =A¥VRINd TYHILO

9¢¢

(0 =4S NIHLIM

OO

VH Old Woyd

Vii 'O OL

SUBSTITUTE SHEET (RULE 26)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

