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TECHNICAL FIELD 

The present invention relates to the field of wireless communications, and, in 

particular embodiments, to a system and method for increasing low density signature space. 

BACKGROUND 

Code-domain multiplexing over multicarrier modulation is an efficient multiple-

access scheme, such as in multi-carrier-code division multiple access (MC-CDMA), low 

density signature-orthogonal frequency-division multiplexing (LDS-OFDM), and sparse-

code-multiple access-orthogonal frequency-division multiplexing (SCMA-OFDM) systems. 

A potential application of SCMA-OFDM is grant-less transmission with no or low signaling 

and control overhead for small packet transmission. A challenge for the uplink (UL) in the 

grant-less transmission is that a receiver of the UL may have no knowledge of which users 

and how many of them want to access the network. In this case, there is a possibility of 

collision between signatures (for users), which results in performance degradation. Another 

issue is the high complexity of pilot signal detection due to a large number of pilot signals 

and one-to-many mapping between signatures and pilot signals. There is a need for a 

mechanism and method for increasing the low density signature space to overcome the issues 

or challenges above. 

SUMMARY OF THE INVENTION 

In accordance with an embodtmeatan aspect of the present invention, there is 

provided a method implemented by a network component. The method foF-pFovkhngprovides 

an increased signature space for multiplexed transmissions for a plurality of users includes 

obtaining a set of basic signatures and generating a set of virtual signatures using a 

combination operation on the basic signatures. Each of the virtual signatures comprises a 
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combination of at least some of the basic signatures. Each of the virtual signatures is then 

provisioned as a basic resource unit (BRU) for a user transmission. 

In accordance with another efflbe^fcmentaspect of the present invention, there is 

provided a method implemented by a network component for supporting low density 

signatures for multiplexed transmissions for a plurality of users. The method includes 

receiving a plurality of BRUs for a plurality of users. The BRUs are comprised of virtual 

signatures, each virtual signature including a combination of low density signatures. The 

method further includes decorrelating the virtual signatures to narrow down a list of pilot 

signals. The total number of configured virtual signatures exceeds a total number of available 

10 low density signatures. Channels are then estimated using the list of pilot signals. 

In accordance with vet another embodiment- a further aspect of the present invention, 

there is provided a network component for supporting increased signature space for 

multiplexed transmissions for a plurality of users includes a processor and a computer 

readable storage medium storing programming for execution by the processor. The 

15 programming includes instructions to receive a plurality of BRUs for a plurality of users. The 

BRUs are comprised of virtual signatures. Each virtual signature includes a combination of 

basic signatures. The programming includes further instructions to decorrelate the virtual 

signatures to narrow a list of pilot signals, wherein a total quantity of configured virtual 

signatures exceeds a total quantity of available basic signatures. The programming further 

20 configures the network component to estimate channels using the list of pilot signals. 

The foregoing has outlined rather broadly the features of an embodiment of the 

present invention in order that the detailed description of the invention that follows may be 

better understood. Additional features and advantages of embodiments of the invention will 

be described hereinafter, which form the subject of the claims of the invention. It should be 

25 appreciated by those skilled in the art that the conception and specific embodiments disclosed 

may be readily utilized as a basis for modifying or designing other structures or processes for 

carrying out the same purposes of the present invention. It should also be realized by those 

skilled in the art that such equivalent constructions do not depart from the spirit and scope of 

the invention as set forth in the appended claims. 
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Typical approaches for designing low density signatures result in having a limited 

number of signatures, which increases the possibility of signature collision and results in 

relatively high complexity pilot signal detection and high receiver complexity. The maximum 

number of low density signatures (LDS) is based on the length of the signature used, which is 

5 referred to as spreading factor, and the collision rate (number of overlaid non-zero 

components). The lower the collision rate and the shorter the signature length, the lower the 

receiver complexity. Increasing the number of available LDS signatures in a traditional way 

requires at least one of increasing the spreading factor andrer increasing the overloading 

factor. Both approaches result in higher receiver complexity. 

10 Embodiments are provided herein for increasing low density signature space for 

multiplexed transmissions for a plurality of users. The embodiments include using a virtual 

signature derived or constructed using a plurality of component signatures, referred to herein 

as basic signatures, according to one or more operation for combining the basic signatures. 

For instance, the basic signatures are combined using permutation, sequence hopping, or 

15 other suitable operations described below, to obtain the virtual signatures. The generation 

and use of the virtual signature (using the combination of basic signatures) maps a first space 

of basic signatures into a second larger space of virtual signatures. The resulting increase in 

the low density signature space resolves the issues of pilot/signature collision (e.g., at a 

detector for multiplexed transmissions (multiplexed pilots/signatures) for multiple users) and 

20 receiver design/implementation complexity. Further, the number of signatures can be 

increased to achieve a one-to-one mapping between pilot signals (also referred to herein as 

pilots) and signatures, which reduces the pilot detection complexity, e.g., for UL random 

access. The pilot detection can be reduced by using a signature decorrelator with a relatively 

low complexity. In downlink (DL) transmission, the scheme also allows a higher 

25 overloading factor and better interference management over multiple transmission points 

(TPs). This signature space mapping approach can be used in any suitable low density 

signature based system. For example, low density signatures can be used in some CDMA or 

OFDM systems. 

Figure 1 shows an example of a typical receiver 100 for low density signature 

30 transmission. For instance, the receiver 100 can be used at a base station for detecting 

multiplexed transmissions for a plurality of users. The multiplexed transmissions comprise 
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multiple pilot signals (pilots) belonging to the different users. The pilots may carry 

information about the signatures that carry the data form the users. The signals from the users 

are received over basic resource units (BRUs), which are scheduling resource units for 

transmissions, such as time slots, frequency slots, or both time and frequency slots allocated 

5 to users. To decode the received signals in the BRUs, the BRUs are first processed using a 

combined pilot/signature decorrelator 110 that narrows down the pilot list in the received 

signals, from a predetermined or known pilot pool 105. A pilot list 120 is then sent to a 

channel estimator 130 that estimates the channels based on the narrowed down pilot list 120 

and provides a list of active signatures to a decoder 140, e.g., a joint signature and data 

10 decoder using MPA (JMPA). The decoder 140 decodes the data form the signals. The results 

are fed back into the decorrelator 110 to update a priori existence probabilities for pilots and 

signatures. The decorrelation process at the decorrelator 110 comprises signature 

decorrelation and pilot decorrelation. Due to a limited LDS space, there is a one to many 

mapping between signatures and pilots (one signature is mapped to many pilots). If a 

15 signature is detected to be inactive, all corresponding pilots are eliminated from the list. If a 

pilot is detected to be inactive, only one pilot is eliminated from the list. 

The signatures in the typical receiver 100 can be defined using LDS generation. The 

length of such signatures, also referred to herein as basic signatures, depends on the spreading 

factor used. The limited LDS space may cause signature collision, which degrades 

20 performance of the JMPA decoder 140. There is a need for a mechanism that allows 

pilot/signature decorrelator to narrow down the pilot list and make the JMPA decoding 

process more efficient. Although the receiver 100 narrows down the active pilot list, a pilot 

detector is still required, leading to high complexity for at least one of pilot detection and/or 

JMPA decoding. 

25 Figure 2 shows an improved receiver 200 using increased LDS space according to an 

embodiment of the disclosure. The receiver 200 resolves the problems due to limited LDS 

space (signature collision, pilot detection complexity, JMPA decoding complexity) by 

increasing the LDS space as needed. For this purpose, a virtual signature concept is 

introduced. The virtual signature is a combination of basic signatures (e.g., the basic 

30 signatures used in a typical receiver 100 for multiplexed transmissions for multiple users). 

The basic signatures provide building components of the virtual signatures. For example, 



using a basic signature set of 6 basic signatures and defining a virtual signature length of two 

basic signatures (each virtual signature is a combination of two basic signatures), the number 

of possible virtual signatures is then equal to 62 or 36 virtual signatures. This means that the 

LDS space was extended from 6 basic signatures (each having a predefined signature length) 

5 into 36 virtual signatures (each having a length of 2 basic signatures). 

A virtual signature can be generated by assembling or combining a plurality of basic 

signatures (e.g., 2 or more basic signatures) according to a predefined operation, for instance 

using permutation or hopping operations, as described below. The virtual signature can also 

be used as a BRU that is transmitted for a user. Thus, the size of the virtual signature is equal 

10 to the size of the BRU, and each BRU transmission corresponds to a virtual signature. The 

BRUs (or virtual signatures) are first processed using a virtual signature decorrelator 210 

using a predetermined or known pilot pool 205 to narrow down the pilot list. A pilot list 220 

is then sent to a channel estimator 230 that estimates the channels based on the narrowed 

down pilot list 220 and provides a list of active virtual signatures to a decoder 240, e.g., a 

15 JMPA decoder. The decoder 240 decodes the data form the signals and the results are fed 

back into the virtual signature decorrelator 210 to update a priori existence probabilities for 

pilots and virtual signatures. Since the virtual signature space or pool is larger than the basic 

signature pool, the signature collisions in receiver 200 is reduced in comparison to receiver 

110. Further, the virtual signature space can be increased to reach a one-to-one mapping 

20 between signature and pilot signal. In other words, the number of virtual signatures can be 

increased (through different combinations of basic signatures) to match the number of pilots 

used. Thus, the decorrelation process at the decorrelator 210 may comprises virtual signature 

decorrelation without pilot decorrelation. The virtual signature decorrelator 210 finds out the 

active virtual signature(s) and thus narrows down the list of active pilots as well as the 

25 signatures. This simplifies the pilot detection and the JMPA decoding processes in receiver 

200 in comparison to receiver 100. 

Figure 3 shows BRUs 300 comprising basic signatures (or basic signature units). Each 

BRU 300 is generated using LDS generation. Each BRU 300 may comprise a signature 

corresponding to a user. The signature is repeated and arranged in a predefined manner in the 

30 BRU 300. The basic signature can be repeated in at least one of predefined rows and,'or-and 

predefined columns in the BRU 300. The size of the BRU 300 and the size of the basic 
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signatures are predefined. For instance, a BRU 310 comprises a first basic signature 301 

(Signature 1) obtained using LDS generation and repeated in at least one of rows and/er 

columns in the BRU 310 in a first predefined arrangement or distribution. The rows and 

columns represent allocated combinations of frequency bands and time intervals. For 

example, a row may represent a sequence of allocated frequency bands at one time interval, 

and a column may represent a sequence of allocated time intervals at one frequency band. A 

second BRU 320 comprises a second basic signature 302 (Signature 6) produced using LDS 

generation and repeated in at least one of rows and/er columns in the BRU 320 in a second 

predefined arrangement or distribution. The arrangement of columns/rows of basic signatures 

in a BRU 300 may be obtained using a random distribution process. Signatures 1 and 6 are 

different signatures, from a set of available signatures for users, which may have the same 

size. The signatures can be used as fixed construction blocks to produce virtual signatures, as 

described below. 

Figure 4 shows an embodiment of virtual signatures 400 generated by column-wise 

permutation. The virtual signatures 400 can be obtained by selecting columns in different 

BRUs 300 via a permutation process. This results in each virtual signature 400 comprising a 

unique arrangement or distribution of columns, each column including a stack of the same 

basic signature. For instance, a first virtual signature 410 comprises a first column including a 

stack of first basic signatures 401 (Signature 1), a second column including a stack of second 

basic signatures 402 (Signature 2) next to the first column, a third column including a stack 

of third basic signatures 403 (Signature 6), and possibly other similar or different columns 

(not shown). A second virtual signature 420 comprises a first column including a stack of the 

third basic signatures 403 (Signature 6), a second column including a stack of the first basic 

signatures 401 next to the first column, a third column including a stack of fourth basic 

signatures 404 (Signature 5), and possibly other similar or different columns (not shown). 

The columns are arranged differently for each different virtual signature 400, as shown in 

Figure 4 for virtual signatures 410 and 420. The columns are generated using a permutation 

operation of columns of basic signatures selected from an available or predetermined set of 

basic signatures. Each column includes one corresponding basic signature. The column-wise 

permutation operation introduces a number of combinations of basic signatures that exceeds 

the number of available basic signatures (e.g., 6 basic signatures in total), thus increasing the 

LDS space. The resulting virtual signatures 400 have the same BRU size. 
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Figure 5 shows an embodiment of virtual signatures 500 generated by row-wise 

permutation. The virtual signatures 500 can be obtained by selecting rows in different BRUs 

300 via a permutation process. This results in each virtual signature 500 comprising a unique 

arrangement or distribution of rows, each row including a sequence of the same signature. 

5 For instance, a first virtual signature 510 comprises a first row including a sequence of first 

basic signatures 501 (Signature 1), a second row including a sequence of second basic 

signatures 502 (Signature 6), and possibly other similar or different rows (not shown). A 

second virtual signature 520 comprises a first row including a sequence of the third basic 

signatures 403 (Signature 6), a second row including a sequence of the first basic signatures 

10 501 (Signature 1), and possibly other similar or different rows (not shown). The rows are 

arranged differently for each different virtual signature 500, as shown in Figure 5 for virtual 

signatures 510 and 520. The rows are generated using a permutation operation of rows of 

basic signatures selected from a set of available or predefined basic signatures. Each row 

includes one corresponding basic signature. The row-wise permutation operation introduces a 

15 number of combinations of basic signatures that exceeds the number of available basic 

signatures (e.g., 6 basic signatures in total), thus increasing the LDS space. The resulting 

virtual signatures 500 have the same BRU size. 

Figure 6 shows an embodiment of virtual signatures 600 generated by intra-BRU 

signature hopping. The virtual signatures 600 can be obtained by generating a hopping 

20 pattern according to a predefined rule in different BRUs 300. The hopping pattern 

redistributes basic signatures across at least one of rows and/or columns of the BRUs 300 

within the same BRU. This results in each virtual signature 600 comprising a unique 

arrangement or distribution of signatures across the rows/columns of the virtual signature 

600. The hopping operation can also be described as a combined row-wise and column-wise 

25 permutation operation that shuffles the basic signatures differently for each virtual signature 

600. For instance, a first virtual signature 610 comprises a first row, a second different row, 

and possibly other similar or different rows. The first row includes a sequence of a first basic 

signature601 (Signature 1), a second basic signature 602 (Signature 5) next to the first basic 

signature 601, a third basic signature 603 (Signature 4), and possibly other similar or different 

30 basic signatures. The second different row includes a sequence of a fourth basic signature 604 

(Signature 6) repeated twice, a fifth basic signature 605 (Signature 2), and possibly other 

similar or different basic signatures. 



several bus architectures including a memory bus or memory controller, a peripheral bus or 

the like. 

The CPU 910 may comprise any type of electronic data processor. The memory 920 

may comprise any type of system memory such as static random access memory (SRAM), 

dynamic random access memory (DRAM), synchronous DRAM (SDRAM), read-only 

memory (ROM), a combination thereof, or the like. In an embodiment, the memory 920 may 

include ROM for use at boot-up, and DRAM for program and data storage for use while 

executing programs. In embodiments, the memory 920 is non-transitory. The mass storage 

device 930 may comprise any type of storage device configured to store data, programs, and 

other information and to make the data, programs, and other information accessible via the 

bus. The mass storage device 930 may comprise, for example, one or more of a solid state 

drive, hard disk drive, a magnetic disk drive, an optical disk drive, or the like. 

The processing unit 901 also includes one or more network interfaces 950, which may 

comprise at least one of wired links, such as an Ethernet cable or the like, and/er wireless 

links to access nodes or one or more networks 980. The network interface 950 allows the 

processing unit 901 to communicate with remote units via the networks 980. For example, 

the network interface 950 may provide wireless communication via one or more 

transmitters/transmit antennas and one or more receivers/receive antennas. In an 

embodiment, the processing unit 901 is coupled to a local-area network or a wide-area 

network for data processing and communications with remote devices, such as other 

processing units, the Internet, remote storage facilities, or the like. 

While several embodiments have been provided in the present disclosure, it should be 

understood that the disclosed systems and methods might be embodied in many other 

specific forms without departing from the spirit or scope of the present disclosure. The 

present examples are to be considered as illustrative and not restrictive, and the intention is 

not to be limited to the details given herein. For example, the various elements or 

components may be combined or integrated in another system or certain features may be 

omitted, or not implemented. 

In addition, techniques, systems, subsystems, and methods described and illustrated in 

the various embodiments as discrete or separate may be combined or integrated with other 
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WHAT IS CLAIMED IS: 

1. At a network component, a method for providing increased signature space for 

multiplexed transmissions for a plurality of users, the method comprising: 

obtaining a set of basic signatures; 

generating a setef-' virtual signatures using a combination operation on at least two of 

the basic signatures, wherein each of the virtual signatures comprises a combination of at 

least seme-two of the basic signatures; and 

provisioning each of the virtual signatures as a basic resource unit (BRU) for a user 

transmission. 

2. The method of claim 1, wherein the obtaining the set of basic signatures includes 

generating the basic signatures using a low density signature generation method. 

3. The method of claim 1, wherein the combination operation is one of: 

a row-wise permutation for combining, in each of the virtual signatures, rows of 

corresponding basic signatures, each of the rows includes a same basic signature selected 

from the set of basic signatures, and wherein the rows represent sequences of frequency 

bands at one time interval or sequences of allocated time intervals at one frequency band . ; 

a column-wise permutation for combining, in each of the virtual signatures, columns 

of corresponding basic signatures, each of the columns includes a same basic signature 

selected from the set of basic signatures, and wherein the columns represent sequences of 

time intervals at one frequency band or sequences of frequency bands at one time interval; 

and 

an intra-BRU hopping to add, in each of the virtual signatures, a hopping sequence of 

basic signatures, and wherein each of the virtual signatures includes rows, columns, or both 

rows and columns each including a sequence of the basic signatures. 

4 The method1, wherein the combination operation is a-eolumn wise 

at©n«-t-i+BaiR-tewal-. 
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64. The method of claim 1 fafther-eefflpmmgfwherein provisioning comprises: 

wherein the^aethod farther comprises: 

generating a plurality of BRU sets,, each set comprising a combination of BRUs; and 

provisioning each of the BRU sets for a corresponding user. 

75. The method of claim 64, wherein the BRU sets comprise a first BRU set and a second 

BRU set, wherein the first BRU set comprises a first combination of BRUs corresponding to 

a first combination of virtual signatures, and wherein the second BRU set comprises a second 

combination of BRUs corresponding to a second combination of virtual signatures. 

86. The method of claim 7-5, wherein each of the BRU sets comprises a same number of 

15 BRUs, and wherein a total number of BRU sets is equal to all possible combinations of BRUs 

in a BRU set. 

97. The method of claim 1, wherein each of the virtual signatures comprises a same 

number of basic signatures, and wherein a total number of virtual signatures is equal to a total 

number of basic signatures raised to a power of the number of basic signatures in a virtual 

20 signature. 

4-08. The method of claim 1 further comprising generating a quantity of the virtual 

signatures greater than a quantity of the basic signatures and greater than or equal to a 

quantity of pilot signals. 

-119. At a network component, a method supporting low density signatures for multiplexed 

25 transmissions for a plurality of users, the method comprising: 
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receiving a plurality of basic resource units (BRUs) for a plurality of users, wherein 

the BRUs are comprised of virtual signatures, each virtual signature including a combination 

of low density signatures; 

decorrelating the virtual signatures to narrow down a list of pilot signals, wherein a 

5 total number of configured virtual signatures exceeds a total number of available low density 

signatures; and 

estimating channels using the list of pilot signals. 

4-210. The method of claim 119further comprising: 

obtaining a set of active virtual signatures from the list of pilot signals, wherein the set 

10 of active virtual signatures is a subset of the virtual signatures; 

processing the estimated channels using the set of active virtual signatures; 

decoding data of the users according to the processed estimated channels; and 

providing updated a priori probabilities for the virtual signatures and the pilot signals 

according to the processed estimated channels. 

15 4-311. The method of claim 41^ further comprising mapping the virtual signatures in a one-

to-one mapping to a complete pool of available pilot signals, wherein decorrelating the 

virtual signatures to narrow down the list of the pilot signals includes removing a pilot signal 

mapped to an inactive virtual signature from the list of pilot signals upon detecting the 

inactive virtual signature. 

20 +412. The method of claim 449, wherein the virtual signatures comprise a first virtual 

signature and a second virtual signature, wherein the first virtual signature comprises a first 

combination of basic signatures, and wherein the second virtual signature comprises a second 

combination of basic signatures. 

4r§13. A network component for supporting increased signature space for multiplexed 

25 transmissions for a plurality of users, the network component comprising: 

a processor; and 

a computer readable storage medium storing programming for execution by the 

processor, the programming including instructions to: 
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receive a plurality of basic resource units (BRUs) for a plurality of users, 

wherein the BRUs are comprised of virtual signatures, each virtual signature including a 

combination of basic signatures; 

decorrelate the virtual signatures to narrow a list of pilot signals, wherein a 

total quantity of configured virtual signatures exceeds a total quantity of available basic 

signatures; and 

estimate channels using the list of pilot signals. 

4-614. The network component of claim 4-513, wherein the programming includes further 

instructions to: 

obtain a set of active virtual signatures from the list of pilot signals, wherein the set of 

active virtual signatures is a subset of the virtual signatures; 

process the estimated channels using the set of active virtual signatures; 

decode data of the users according to the processed and estimated channels; and 

provide updated a priori probabilities for the virtual signatures and the pilot signals 

according to the processed and estimated channels. 

4^15. The network component of claim 4-51.3, wherein the instructions to receive the 

plurality of BRUs includes instructions to receive the basic signatures, the basic signatures 

being generated using a low density signature generation method 

4-816. The network component of claim -4-513 , wherein the programming farther includes 

instructions to: 

map the virtual signatures in a one-to-one mapping to a pool of available pilot signals, 

wherein the instructions to decorrelate the virtual signatures to narrow the list of the 

pilot signals includes instructions to remove a pilot signal mapped to an inactive virtual 

signature from the list of pilot signals upon detecting the inactive virtual signature. 

4-917. The network component of claim 4-513, wherein the programming farther includes 

instructions to receive a plurality of BRU sets for the users, each BRU set comprising a 

combination of BRUs. 
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S01_8. The network component of claim 4-917, wherein the BRU sets comprise a first BRU 

set and a second BRU set, wherein the first BRU set comprises a first combination of BRUs 

corresponding to a first combination of virtual signatures, and wherein the second BRU set 

comprises a second combination of BRUs corresponding to a second combination of virtual 

5 signatures. 

241_9. The network component of claim 4^13, wherein each of the virtual signatures 

comprises a same number of basic signatures, and wherein a total number of virtual 

signatures is equal to a total number of basic signatures raised to a power of the number of 

basic signatures in a virtual signature. 
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