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Go to the main content channel access method used by various radio communication technologies This article is about the channel access method. For mobile phone technology called CDMA, see cdmaOne and CDMA2000. Multiplexing analog modulation AM FM PM QAM SM SSB Circuit mode(constant bandwidth) TDM FDM/WDM SDMA Polarization
OAM Statistical Multiplexing(variable bandwidth) Packet Switching Dynamic TDM A FHSS DSSS OFDMA SC-FDM MC-SS Related Topics Channel Access Methods Medium Access Control vte Code-division Multi-Access (CDMA) is a channel access method used by various radio communication technologies. CDMA is an example of multiple access where
multiple transmitters can send information via one communication channel at a time. This allows multiple users to share band frequencies (see bandwidth). To do so without undue interference between users, CDMA uses spectrum technology and a specific coding scheme (where each transmitter is assigned a code). [1] [2] CDMA is used as an access
method in many mobile phone standards. The IS-95, also called cdmaOne, and its 3G development cdma2000, are often simply referred to as CDMA, while UMTS, a 3G standard used by GSM carriers, also uses wideband CDMA or W-CDMA, as well as TD-CDMA and TD-SCDMA, as their radio technology. History Of Code Sharing Technology for Multiple
Access Channels has long been known. Dmitry Ageev published the first work of the Soviet Union (USSR) on this subject in 1935. [3] It was demonstrated that there are three types of signal separation using linear methods: frequency, time and compensatory. [clarification required] CDMA technology was used in 1957, when the young military radio engineer
Leonid Kuprijovičs in Moscow made an experimental model for a wearable automatic mobile phone called LK-1 with a base station. [4] The LK-1 weight is 3 kg, 20-30 km working distance and 20-30 hours of battery life. [5] [6] The base station, as described by the author, could serve several customers. In 1958, Kupriyanovich made a new experimental
pocket model for a cell phone. This phone weighs 0.5 kg. To serve more customers, Kupriyanovich proposed the device, which he called a correlator. [7] In 1958, the USSR also began to develop altaja national civil mobile phone service for cars, based on the Soviet MRT-1327 standard. The telephone system weighs 11 kg. It was placed in the trunk of a
vehicle by high-ranking officials and used a standard handset in the passenger compartment. The main developers of the Altaja system were VNIIS (Voronezh Institute of Science Research) and GSPI (National Specialized Project Institute). In 1963, this service began in Moscow, and in 1970 altaja service was used in 30 cities of the USSR. [9] Using
CDMA2000 mobile phone Synchronous CDM (code-sharing multiplexing, early generation CDMA) was introduced in the Global Positioning System This is before and different from its use on mobile phones. Qualcomm standard IS-95, marketed as cdmaOne. Qualcomm's STANDARD IS-2000, known as CDMA2000, is used by several mobile phone
companies, including the Globalstar network. [nb 1] [nb 1] UMTS 3G mobile phone standard that uses W-CDMA. [nb 2] [nb 2] CDMA has been used in the OmniTRACS satellite system for transport logistics. Stages of CDMA modulation cdma is the spread spectrum of multi-access technique. The scatter spectrum method distributes the data bandwidth
evenly over the same transmitted power. Propagation code is a pseudo-random code that has a narrow ambiguity function, unlike other narrow pulse codes. CDMA locally generated code runs at a much higher rate than the data to be transmitted. Transmission data is combined with bitwise XOR (exclusive OR) with faster code. The figure below shows how
the distributed spectrum signal is generated. The data signal with pulsed duration T b {\displaystyle T_{b}} (symbol period) is XORed with a code signal with pulsed duration T c {\displaystyle T_{c}} (chip period). (Note: The bandwidth is proportional to 1/T(\displaystyle 1/T} where T(\displaystyle T)=bit time.) Therefore, the data signal bandwidth is 1/T b
{\displaystyle 1/T_{b}} and the spread spectrum signal bandwidth is 1/T c{\displaystyle 1/T_{c}}. Because T c {\displaystyle T_{c}} is much smaller than T b {\displaystyle T_{b}}, the bandwidth of the distribution spectrum signal is much greater than the bandwidth of the original signal. The ratio T b/T c {\displaystyle T_{b}/T_{c}} is called a scattering factor or
processing increase and determines to some extent the upper limit of the total number of users supported simultaneously by the base station. [1] [2] CDMA signal generation Each cdma system user uses a different code to modulate their signal. When choosing the codes used to modulate the signal, it is very important for the performance of CDMA systems.
Best performance occurs when there is a good difference between the desired user's signal and other user signals. Signal separation is performed by coroiding the received signal with the local generated code of the preferred user. If the signal matches the desired user code, the correlation function will be high and the system can retrieve the signal. If the
desired user code has nothing to do with the signal, the correlation should be as close as possible to zero (thus eliminating the signal); this is called a correlation between them. If the code is linked to a signal in any non-zero time shift, the correlation must be as close as possible to zero. This is called automatic correlation and is used to reject multiple path
distortions. [14] [15] The analogy of a multiple access problem is the space (channel) in which people want to talk to each other at the same time. To avoid misunderstandings, people can take turns talking (time sharing), talking (frequency breakdown) or speaks different languages (code section). CDMA is analogous to the last example where people
speaking one language can understand each other, while other languages are perceived as noise and rejected. Similarly, in the case of radio CDMA, shared code is assigned to each user group. Many codes take up the same channel, but only users associated with a specific code can communicate. In general, CDMA belongs to two main categories:
synchronous (orthogonal codes) and asynchronous (pseudo-age codes). The method of code-sharing multiplexing (synchronous CDMA) Digital modulation is analogous to those used in simple radio transmissions. In the analogue case, the low frequency data signal is multiplied by a high frequency clean sine-wave medium and transmitted. It is effectively the
frequency konvolution (Wiener-Khinchin theory) of the two signals, resulting in a carrier with narrow sidebands. In the digital case, the sinusoidal carrier is replaced by Walsh functions. These are binary square waves that form a complete orthonormal set. The data signal is also binary, and time multiplication is achieved with a simple XOR function. This is
usually a Gilbert cell mixer chain. Synchronous CDMA uses the mathematical properties of orthogonality between vectors representing data strings. For example, binary string 1011 is represented by a vector (1, 0, 1, 1). Vectors can be multiplied by taking their punctate product by summing up the products of their respective components (e.g. if you = (a, b)
and v = (c, d), then give it to the product u·v = ac + bd). If the point product is zero, both vectors are said to be orthogonal to each other. Some of the features of dot product support are an understanding of how W-CDMA works. If vectors a and b are orthogonal, then a ¡ b = 0 {\displaystyle \mathbf {a} \cdot \mathbf {b} =0} and: ¡ (a + b ) = ‖ a ‖ 2, because - a
+ a + a ¡ b = ‖ a ‖ 2 + 0 , {\displaystyle math \bf } \cdot (\mathbf {a} +\mathbf {b} )=\|\mathbf {a} \|^{2},\ {\text{since}}\ \mathbf {a} \cdot \mathbf {a} +\mathbf {a} \cdot\mathbf {b} =\|\mathbf {a} \|^{2}+0 ,} a ¡ (− a + b ) = − ‖ ‖ 2 , because − ¡ a + a + a ¡ b = − ‖ a ‖ 2 + 0 , {\displaystyle \mathbf {a} \cdot (-\mathbf {a} +\mathbf {b} )=-\|\mathbf {a} \|^{2},\ {\text{since}. } \{-
\mathbf {a} }\cdot \mathbf {a} +\mathbf {a} \cdot \mathbf {b} =-\||\mathbf {a} \|^{2}+0,} b ¡ ( a + b ) = ‖ b ‖ 2 , because b ¡ a + b ¡ b = 0 + ‖ b ‖ 2 , {\displaystyle \mathbf {b} \cdot (\mathbf {a} +\mathbf {b} )=\|\mathbf {b} \||{2},\ {\text{since}}\\mathbf {b} \cdot\mathbf {a} +\mathbf {b } \cdot \cdot \/ mathbf {b} =0+\|\mathbf {b} \|^{2},} b ¡ ( a − b ) = − − ‖ b ‖ 2, because b
− b − b = 0 − ‖ b ‖ 2 . {\displaystyle\mathbf {b} \cdot (\mathbf {a} -\mathbf {b} )=-\|\mathbf {b} \||^{2},\ {\text{since}}\{2}\mathbf {b} \cdot\mathbf {a} -\mathbf {b} Each synchronous CDMA user uses the code orthogonal to different codes to modulate their signal. Example 4 orthogonal digital signals are shown in the figure. orthogonal codes have a cross-blood
correlation equal to zero; in other words, they do not interfere with each other. In the case of IS-95, the signal for different users uses 64-bit Walsh codes. Since each of the 64 Walsh codes is orthogonal for everyone else, the signals are redirected to 64 orthogonal signals. The following example shows how each user can encode and decode the signal.
Example 4 example of interconnected orthogonal digital signals Start with a set of vectors that are interconnected orthogonal. (Although mutual orthogonalism is the only condition, these vectors are usually designed to facilitate decoding, such as columns or rows from Walsh matrices.) The adjacent image shows an example of orthogonal functions. These
vectors will be assigned to individual users and are called code, chip code or chipping code. In the interest of the brevity, the rest of this example uses codes v with only two bits. Each user is associated with a different code, say v. 1 bit is represented by sending positive code v, and 0 bit is represented by negative code −v. For example, if v = (v0, v1) = (1, -1)
and the data that the user wants to send is (1, 0,1, 1), the symbols transmitted would be (v, −v, v, v) = (v0, v1, −v0, v0, v1, v0, v1) = (1, −1, −1, 1, 1, 1, −1, 1, −1, 1, 1, −1, −1, −1, 1, −1). In this article, we call it the vector transmitted by the created vector. Each sender has a different, unique vector v selected from this set, but the method of building the
transmitted vector is identical. Now, due to the physical properties of the disorder, if the two signals at the point are in the phase, they add give twice the amplitude of each signal, but if they are out of phase, they subtract and give a signal that is the difference in the amplitude. Digitally, this behavior can be modeled by adding transmission vectors,
components by component. If the sender0 contains a code (1, -1) and data (1, 0, 1, 1) and the sender1 contains the code (1, 1) and the data (0, 0, 1, 1) and both senders are sent simultaneously, then the following table describes the encoding steps: Step Encode sender0 Encode sender1 0 code0 = (1, −1), data0 = (1, 0, 1, 1) code1 = (1, 1), data1 = (0, 0, 1,
1, 1), 1 encode = 2 (1) , 0,1,1) − (1,1,1,1)1) = (1,1, 1,1,1) encode1 = 2 (0.0,1.1) − (1,1, 1,1)1) = (-1,−1,1, 1, 1) 20 signal = encoded ⊗ code0 = (1, -1, 1, 1, 1) ⊗ (1, −1)= (1, −1, −1, 1.1, 1,1,1,1) signal1 = encode1 ⊗ code1= (-1,1,1,1) ⊗ (1 , 1)= (−1, −1, −1, −1, 1, 1, 1, 1) As the signal0 and signal1 are simultaneously transmitted in the air, they increase to
produce an output signal (1,-1,1,1,1,1,1,1,-1)+ (-1,-1,1,1,1,1,1,1,1)1) = (0,-2,2,0,2,0,2,0). This raw signal is called a nuisance model. The listener then retrieves an understandable signal to any known sender, combining the sender's code with the interference model. The following table explains how it works and shows signals do not interfere with each other:
step Decoded sender0 Decoded sender1 0 code0 = (1, −1), signal = (0, −2, −2, 0, 2, 0, 2.0) code1 = (1,1), signal = (0,-2, −2,0,2,0,2,0) 1 to decipher = pattern.vector0 decode1 = pattern.vector1 2 decod0 = ((0,−2), (-2,0), (2,0), (2,0) · (1, −1) decoded1 = ((0,2), (-2, 0), (2, 0), (2, 0)) · (1.1) 3 decoded0 = ((0 + 2), (-2 + 0), (2 + 0), (2 + 0)) decoded1 = ((0 -2), (-2 +
0), (2 + 0)) 4 data0=(2, −2,2,2), meaning (0.0,1,1) are interpreted as 0. For example, after decoding, data0 is (2, -2, 2, 2, 2), but interprets it as (1, 0, 1, 1). Exactly 0 values mean that the sender has not transmitted any data, as in the following example: Suppose that the signal0 = (1, −1, −1, 1, 1, −1, 1, 1, −1) is transmitted alone. The following table is
decoded at the recipient: Step Decode Sender0 Decode Sender1 0 Code0 = (1, −1), Signal = (1, −1, −1, 1, 1, 1, 1, 1, −1, 1, 1, 1, -1) code1 = (1,1), signal = (1, −1, 1, 1, 1, −1, 1, 1) 1 decoded = pattern.vector0 decode1 = pattern.vector1 2 decode0 = ((1, −1), (-1, 1), (1, −1), (1, −1) · (1, −1) decipher1 = ((1, −1), (−1, 1), (1, −1), (1, −1)) · (1.1) 3 decoded0 = ((1 +
1), (−1 − 1), (1 + 1), (1 + 1)) decoded1 = ((1 - 1), (-1 + 1), (1 - 1), (1 - 1)) 4 data0 = (2, -2, 2, 2), which means (1, 0, 1, 1) data1 = (0,0, 0, 0, 0), 0), which means that there is no data When the recipient tries to decode the signal using the sender1 code, the data is all zero, so the correlation is equal to zero and it is clear that sender1 is not in the transfer of any
data. Asynchronous CDMA See also: Spectrum of direct sequence distribution and almost distant problem If mobile and basic connections cannot be precisely coordinated, in particular due to mobile phone mobility, a different approach is needed. Because it is mathematically impossible to create signature sequences that are both arbitrary to random starting
points and that use code in full, asynchronous CDMA systems use unique pseudo-random or pseudo-noise sequences called propagation sequences. The sequence of distribution is a binary sequence that is displayed at random, but can be reproduced in a deterministic manner by the intended receivers. These distribution sequences are used to encode
and decode a user signal in the asynchronous CDMA in the same way as orthogonal codes in the synchronous CDMA (shown in the example above). These distribution sequences are statistically unrelated, and the amount of a large number of distribution sequences results in multiple access interference (MAI), which is roughly by the Gaussian noise
process (by the central limit of the temorema statistics). Gold codes are an example of a dispersion sequence that is suitable for this purpose because there is a low correlation between the codes. If all users receive the same power level, the deviation (e.g. noise directly in proportion to the number of users. In other words, unlike synchronous CDMA, other
users' signals will appear as a noise signal of interest and somewhat interfere with the desired signal in proportion to the number of users. The distribution factor of the distribution spectrum shall be used in all CDMA types so that receivers can partially discriminate against unwanted signals. You receive signals encoded with specified scatter sequences, while
signals with different sequences (or the same sequences, but different time shifts) appear as broadband noise, reduced by a scatter factor. Since each user creates MAI, controlling signal strength is an important problem with CDMA transmitters. Cdm (synchronous CDMA), TDMA or FDMA receiver can theoretically completely reject arbitrary strong signals
using different codes, slots or frequency channels due to the orthogonalism of these systems. This does not apply to asynchronous CDMA; rejection of unwanted signals is only partial. If any or all of the unwanted signals are much stronger than the desired signal, they will overwhelm it. This leads to a general requirement in any asynchronous CDMA system
to roughly match the different signal power levels as seen in the receiver. CDMA mobiles, the base station uses a fast closed loop power control scheme to closely control each mobile transmission capacity. The advantages of asynchronous CDMA over other methods Practical use of effective fixed spectrum Theoretically CDMA, TDMA and FDMA have
exactly the same spectral efficiency, but in practice each has its own problems – power control in the case of CDMA, time for TDMA and frequency generation/filtration in the case of FDMA. TDMA systems should carefully synchronize all users' transmission times to ensure that they are received in the correct time slot and do not interfere. Since it cannot be
completely controlled in a mobile environment, every time the slot must have a guard of time, which reduces the likelihood that users will interfere but reduce spectral efficiency. FDMA systems should also use a protection band between adjacent channels, as due to user mobility, the Doppler signal spectrum is unpredictable. Guard bands will reduce the
likelihood that adjacent channels will interfere, but reduce spectrum usage. Flexible allocation of resources Asynchronous CDMA offers the main advantage of flexible resource allocation, i.e. the allocation of distribution sequences to active users. In the case of CDM (cdma synchronous CDMA), TDMA and FDMA, the number of concurrent orthogonal codes,
slots and frequency slots is determined, respectively, with limited capacity in terms of concurrent users. A number of orthogonal codes, slots or frequency bands that can be assigned to CDM, TDMA and FDMA systems are defined, which are still underused due to the exploded nature telephony and packet data transmission. The number of users that can be
supported in an asynchronous CDMA system is not strictly limited, only the practical limitation imposed by the desired probability of a bit error, because the SIR (signal and intervention factor) varies inversely depending on the number of users. In a burst of traffic environments such as mobile telephony, the advantage provided by the asynchronous CDMA is
that performance (bit error rate) is allowed to fluctuate randomly, with an average value determined by the number of users times the percentage of use. Let's say there are 2N users who speak half the time, then 2N users can be accommodated with the same average bit error probability as N users who speak all the time. The main difference here is that the
bit error probability N users speak all the time is constant, whereas it is a random quantity (with the same average) 2N users speak half the time. In other words, the asynchronous CDMA is ideal for a mobile network, where a large number of transmitters each generate relatively small amounts of traffic at irregular intervals. CDM (synchronous CDMA), TDMA
and FDMA systems cannot recover the under-utilisation of traffic-specific resources because of a certain number of orthogonal codes, slots or frequency channels that can be allocated to individual transmitters. For example, if there are N slots for TDMA systems and 2N users who speak half the time, then half of the time will be more than N users who need
to use more than N slots. In addition, significant overhead costs would be necessary to allocate and address the resources of the separated orthogonal codes, slots or frequency channels on a permanent basis. For comparison, asynchronous CDMA transmitters simply send if they have something to say and go off the air when they are not, keeping the same
signature sequence while they are connected to the system. CdMA's distribution spectrum of most modulation schemes tries to reduce the bandwidth of this signal because bandwidth is a finite resource. However, the propagation spectrum method uses transmission bandwidth that has multiple orders volume greater than the minimum required signal
bandwidth. One of the initial reasons for doing so was military applications, including control and communication systems. These systems were developed using the spread spectrum because of its safety and resistance to entrapment. Asynchronous CDMA has some privacy level built in because the signal is spread using pseudo-random code; this code
makes the spread spectrum signals appear to be random or noise-generated. The receiver cannot demodulate this transmission without knowing the pseudo-inversion sequence used during data encoding. Cdma is also resistant to jams. Only a limited amount of power is available for the jam signal to boil the signal. The jammer can either spread your energy
over the entire bandwidth signal or jam just a portion of the whole CDMA can also effectively reject narrow bandwidth interference. Since narrow bandwidth interference affects only a small part of the spread spectrum signal, it can be easily removed using ichom filtering without much information loss. Konvolution encoding and intermediate volumes can be
used to help recover this lost data. CDMA signals are also resistant to multipath fading. Since the spread of the spectrum signal takes up a large bandwidth, only a small part of it will be made fading as a multipath at any given time. Like narrow band disturbances, it will cause only a slight loss of data and can be overcome. Another reason CDMA is resistant
to multipath intervention is because delayed versions of transmitted pseudo-random codes will have a poor correlation with the original pseudo-random code, and thus appear as another user who is ignored at the receiver. In other words, while the multipath channel causes at least one chip delay, multipath signals will come to the receiver so that they are
moved within at least one chip of the intended signal. The correlation characteristics of pseudo-random codes are such that this slight delay causes the multipathy to be unrelated to the intended signal and is therefore ignored. Some CDMA devices use a rake receiver that uses multipath delay components to improve system performance. The rake receiver
combines information from several correlators, each of them tuned to a different path delay, which produces a stronger version of the signal than a simple receiver with a single correlation tuned to the road delay by a stronger signal. [1] [2] Frequency reusing is the ability to reuse the same radio frequency at other cellular locations in the mobile
communication system. Frequency planning is a very important consideration for FDMA and TDMA systems. The frequencies used in different cells must be carefully designed to provide signals from different cells that do not interfere with each other. In the CDMA system, the same frequency can be used in each cell because channelization is done by using
pseudo-random codes. Reusing the same frequency in each cell eliminates the need for frequency planning in the CDMA system; however, different pseudo-vassal sequences should be planned to ensure that the signal received from the same cell does not change with the signal of a nearby cell. [1] As adjacent cells use the same frequencies, CDMA
systems have the possibility to perform soft-sided parties. Soft hand-offs allow the mobile phone to communicate simultaneously with two or more cells. The best signal quality is selected until the transfer is complete. This differs from the hard hand-offs used in other cellular systems. Hard out of hand in a situation where the mobile phone is approaching hand
off, the signal strength may vary drastically. In contrast, CDMA systems use a soft hand-off that is undetectable and provides a more reliable and higher quality signal. [2] CDMA A new collaborative multi-user transmission and discovery scheme, called collaborative CDMA[16], has been studied for uplink, which uses differences between user fading channel



signatures to increase user power well beyond the duration of distribution in mai's restricted environment. The authors suggest that it is possible to achieve this increase with low complexity and high bit error rate performance for flat fading channels, which is a major research challenge for congested CDMA systems. In this approach, instead of using the same
sequence for each user as the normal CDMA, authors group a small number of users to share the same scatter order and enable group propagation and relaxation actions. The new multi-user receiver of collaboration consists of two stages: the multi-user-detection (MUD) phase of the group to suppress MAI between groups and the stage of determining the
maximum probability of low complexity in order to jointly recover shared user data using minimal EUCLID distance measurements and user channel growth rates. An improved version of the CDMA, known as cross-page sharing multi-access (IDMA), uses orthogonal interleaving as the only means of separating users instead of the signature sequence used
in the cdma system. See also CDMA Spectral Efficiency CDMA2000 Mobile Phone Standard Comparison cdmaOne Orthogonal Variable Spread Factor (OVSF) in the implementation of cdma pseudo-random noise quadrature-division multiple access (QDMA) by implementing CDMA Rise over Heat Spread Spectrum W-CDMA ^ Notes Globalstar uses
elements CDMA, TDMA and FDMA, combining satellite beam multiple antennae. [10] ^ UMTS networks and other CDMA-based systems are also known as systems with limited interference systems. [11] [12] This refers to the characteristics of cdma technology: all users operate in the same frequency range that affects SINR and thus reduces coverage and
power. [13] References ^ a b c d Torrieri, Don (2018). Principles of distribution spectrum communication systems, 4th ed. Mobile Principles, 4th ed. Basics of linear selection theory. Code Demultiplexing. Ļeņingradas eksperimentālā komunikācijas institūta process: 3–35. ↑ Soviet Union 115494, Куприянович (Leonīds Kuprijaoļovičs), Устройства вызова и
коммутации каналов радиотелефоннйо связи (Ierīces radiosakaru kanālu zvanīšanai un komutācijai), publicēts 1957-11-04 ^ Nauka i Zhizn 8, 1957, p. 49. ↑ Yuniy technik 7, 1957, 43.–44. lpp. ^ Nauka i Zhizn 10, 1958, p. 66. ^ Tekhnika Molodezhi 2, 1959, pp. 18-19. ^ The first Russian mobile phone. 18 September 2006. ^ M. Mazzella, M. Cohen, D.
Rouffet, M. Louie and K. S. Gilhousen, Multiple access techniques and spectrum utilisation of the GLOBALSTAR mobile satellite system, Fourth IEE Conference on Telecommunications 1993, Manchester, UK, 1993, pp. 306-311. ^ Holmes, H.; Toskala, A., eds. (2007). WCDMA on UMTS: HSPA Evolution Lte. John Sally and the Sons. Isbn 9781119991908.
Isbn 9781119991908. ↑ Laiho, J.; Wacker, A.; Novosad, T., eds. (2002). Radio network planning and optimisation UMTS (Volume 2). New York: John Wiley &amp; Sons. P. 303. Isbn 9780470031391. Isbn 9780470031391. ↑ Walke, M.H.; Ari, P.; Althoff, M.P. (2003). UMTS: Basics. John Sally and the Sons. p. 18–19. Isbn 9780470845578. Isbn
9780470845578. ↑ Sklar, Bernard; Ray, Pabitra K. (2014). Digital Communications: Fundamentals and Applications, 2nd ed. Wireless Communications, 2nd ed. High User Capacity Collaborative CDMA. GO COMMUNICATIONS. I read below Papathanassiou, A., Salkintzis, A.K., &amp; Mathiopoulos, P.T. (2001). Comparison study of uplink performance of
W-CDMA and OFDM mobile multimedia communications using LEO satellites. IEEE Personal Communication, pages 8 (3, 35-43). External links in Wikimedia Commons are media related to the CDMA. Talk at the Princeton Institute's Advanced Study on Solomon Golomb's work on pseudorandom sequences retrieved from
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