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Abstract. This paper focuses researches in wireless communication technologies with respect to “ma-
chine-to-machine” network applications. The LTE physical and data link layers are considered towards the pos-
sible adaptation of the OFDM based resource grid scheduling for enhanced real time data transmission. It is
concluded that LTE standard actually allows an ad hoc mode of radio channel utilization with partial separation
of virtual channel for particular purposes. This virtual channel enables provision of diverse virtual circuits to
transfer multiplexed real time data with 10 times less latency comparatively to regular LTE frame cycling. The
implementation of proposed method may require further evolutionary supplements in LTE specifications.
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AHoTauif. CtatTa npucesdeHa gocnigkeHHio 6e3npoBogoBMX TENEKOMYHIKALIMHUX TEXHOMOTIA 3 TOYKU
30pYy IXHBOro 3aCTOCYBaHHA Yy Mepexax TUNy «MallnHa-3-MallnHow». Po3rnaHyTo isuyHUn Ta kaHanbHWUI PiBHI
LTE Ha npegmeT aganTauii po3noginy pecypcHoi citku OFDM 3agns yaockoHaneHHs nepegadi 4aHux peanbHo-
ro yacy. 0inwnum BUCHOBKY, WO cTaHgapT LTE npMHUuNoBo 003BONSIE BUKOPUCTAHHSA padiokaHany B HewTaTHO-
MY PEXWUMI 3 YaCTKOBMM BUAINMEHHSIM BipTyanbHOro kaHany ans ocobosux uinen. Ller BipTyanbHUi kaHan yMox-
NMBMOE Nepefady MynbTUMNNEKCOBAHUX OAHUX pearibHOro Yacy 4Yepes oKpeMi BipTyanbHi 3’ egHaHHsa 3 10 paso-
BMM 3MEHLLUEHHSAM Yacy 3aTPUMKM MOPIBHSHO 3 CUHXPOHi3auieto 6a3oBoro gpenmy LTE. BnpoBagkeHHA 3anpo-
NMOHOBAHOro MeTOAy MOXe BUMaraTy NoAanbLIoro eBoNiouiMHOro posLnpeHHs crneumdikauin LTE.

Knrouosi cnoBa: LTE, po3nogin pecypcy, AaHi peanbHOro Yacy, MynbTUNNEKCYBaHHS.

AHHoTaumA. CtaTbs NOCBsLLEHA NCCrneaoBaHnio 6eCnpoBOAHbIX TENEKOMMYHUKALMOHHBIX TEXHOMOMNI
C TOUKM 3pEHUS UX NMPUMEHEHUS B CETAX TUMa «MallnHa-Cc-MallMHONy . PaccMoTpeHbl (hU3n4eckuin U KaHarnbHbIN
ypoBHu LTE Ha npeameT agantaumm pacnpegeneHus pecypcHon cetkm OFDM ans coBepLueHCTBOBaHUA nepe-
Jayn OaHHbIX peanbHoro BpemeHu. CaenaH BbIBOA4 O TOM, YTO cTaHgapT LTE mpuHuMnuanbHO OOMyCKaeT uc-
nonb3oBaHMe paguokaHana B HELTAaTHOM PEXMME C YaCTUYHLIM BblAENEHNEM BMPTYyarnbHOro KaHana ans cre-
uuanbHbIX Lenen. AToT BUPTYyarbHbIY KaHan obecnevmBaeT nepegadvy MynbTUNNEKCUPOBAHHBIX AAHHbBIX pearib-
HOro BpeMEHU Yyepes oTAernbHble BUPTYarnbHble coeanHeHus ¢ 10-KpaTHbIM YMEHbLUEHWEM BPEMEHU 3a4EPXKKM
Mo cpaBHEHW0 C CUHXPOHM3aumel 6asoBoro gperima LTE. BHeapeHne npeanoXkeHHOro MetToga MOXET noTpe-
6oBaTb JanbHeNLLEero 3BONLNOHHOIO paclumpeHns cneundunkaumi LTE.

KnioueBble cnoBa: LTE, pacnpeneneHne pecypca, gaHHble peanbHOro BpeMeHun, MynbtunnekcmpoBa-
Hue.
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The concept of general mobility along with the broadband wireless access is one of the core
principles of next generation networks (NGN) architecture. The wireless broadband access platform is
based on the two standards of the fourth generation (4G) for mobile communications; these two stand-
ards are Long Term Evolution-Advanced (LTE-A) and Wireless MAN-Advanced (IEEE 802.16m
which is also referred to as WiMax-2) [1]. LTE-A as a major enhancement of the Long Term Evolu-
tion(LTE) standard was submitted to ITU-T in 2009 to meet requirements of IMT-Advanced, and af-
terwards was standardized by 3rd Generation Partnership Project (3GPP, 2011) in its Release 10 [2];
that year the commercial deployment of LTE networks started. Now, the LTE mobile networks are
presented in all of the world continents [3]. In contrast to the previous generation of wireless technolo-
gies, the LTE radio channel is completely designed on the packet based platform, yet circuit switched
technique is also embedded to certain degree into the media access sub-layer due to the particular
channel resource scheduling. Some of deployed LTE networks (like Verizon Wireless, AT&T etc.)
have experienced of about 50 millisecond one way delay (OWD) in voice connection across the re-
gional geographic domain [4]. Provision an adequate OWD of about 100-150 milliseconds across the
world globe is still a problematic issue for LTE based systems. The LTE technology mainly targets the
broadband multimedia communication whereas the QoS guaranteed voice connection is primarily of-
fered service on the Voice over LTE (VOLTE) platform within the Multimedia over Telephony
(MMTel) network architecture [5].

However, new challenges emerge last years with respect to machine-to-machine (M2M) fast
data exchange in distributed wireless sensor networks. These new realities require more researches in
mobile technologies to provide higher dynamics and scalability of channel resource scheduling. This
work aims to present an advanced method of real time data multiplexing in LTE radio channel.

The LTE downlink resource scheduling. In this section we will analyze some features of LTE
access layer which are critical for dynamic object interaction in real time mode. The LTE radio channel
drives the orthogonal frequency division multiplexing (OFDM) in two possible manners: frequency
division duplex (FDD) and time division duplex (TDD) [6]. Both FDD and TDD provide 10 millisec-
ond frame cycling, though the LTE frame is logical entity formed by two distinct half-frames: down-
link half-frame (DLF) and uplink half-frame (ULF). Two half-frames (DLF and ULF) in the FDD
framework run parallel and last 10 ms each; in turn, TDD half-frames run sequentially one after the
other and last 5 ms each (whereas complete LTE frame has 10 ms duration in any case). The simplified
scheme of LTE framing in FDD mode is shown in Fig.1, where eNB stands for evolved node base sta-
tion (it is the hardware connected to the mobile phone network communicating directly with mobile
handsets like a base transceiver station in GSM networks); UE stands for user equipment device (mo-
bile phone set).
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length: if normal CP used then | =14 ; if extended CP thenl =12. The overall DLF structure depends
on the set of optional parameters; some typical configurations of these parameters can be defined in
online mode along with [7]:

- Duplexing mode (FDD or TDD);

— Serial number of the MBSFN sub-frame (Multicast Broadcase Single Frequency Network)
which can vary from 1 to 8 or to be none at all; channel bandwidth (1.4, 3.0, 5.0, 10.0, 15.0,
20.0) MHz;

- Cyclic prefix (normal, extended);

— Total number of wireless physical ports (PNR=1, 2, 4) and transmission ports number: if
PNR=1 then Tx=0; if PNR=2 then Tx=(0, 1); if PNR=4 then Tx=(0, 1, 2, 3);

— Physical layer cell ID (PhID) varying from 0-503; this defines three subordinated options:

— 1D group=Int(PhID/3); ID=PhID-Int(PhID/3); reference signal (RS) shift=Rest(PhID/6); for in-
stance, if PhID=10, then ID group=3, ID=1, RS shift=4;

— Control format indicator (CFI=1, 2, 3); it defines the number of first LTE words used to carry
control information in any sub-frame;

- PHICH Ng factor where PHICH stands for Physical Hybrid automatic repeat request (ARQ) In-
dicator Channel); Ng=(1/6, 1/2, 1, 3) is a special parameter that determines how many PHICH
groups can be supported by a system bandwidth (or related number of resource blocks) accord-
ing to the Tab.1, [8];

— PHICH duration: normal (one OFDM symbol, i.e. one word) or extended (3 words); this option
is correlated to the Control format indicator CFI; if “extended” PHICH duration is chosen then
CFI must take value 3; to alternate the CFI parameter the PHICH duration must be turned to
“normal” (one OFDM symbol).

The online LTE resource grid simulator [7] has a special interface to point flashing marker on
particular DLF resource grid control information: PCFICH (Physical Control Format Indicator Chan-
nel), PHICH (spoken above and PDCCH (Physical Downlink Control Channel) in terms of Resource
Element Group (REG) embracing six TFG elements within a predetermined sub-frame. Figure 2 illus-
trates the lower subset of the DLF resource allocation for channel bandwidth =3 MHZ, extended CP,
two antennas (with transmitting port number 0), PhID=0, CFI=3, PHICH Ng factor =1, PHICH dura-
tion = “extended” (3 words of control information within any sub-frame).

Table 1 — PHICH Ng factor

N_RB \ Ng 1/6 1/2 1 2
6 (1.4 MHz) 1 1 1 2
15 (3 MHz) 1 1 2 4
25 (5 MHz) 1 2 4 7
50 (10 MHz) 2 4 7 13
75 (15 MHz) 2 5 10 19
100 (20 MHz) 3 7 13 25

The full DLF has 15 physical resource blocks (PRBs) whereas first 8 of them are shown in
Fig.2. Denote multiplication of 12 subcarrier elements of the OFDM symbol (word) within a PRB by
12 words within a sub-frame as virtual ad hoc segment (or ADS) with respect to its possible utilization
beyond the conventional standard specification. In extended CP applied then one ADS equals 12 sub-
carrier elements x12 words = 144 elements; if normal CP used then one ADS equals 12 subcarrier ele-
ments x14 words = 168 elements; each element my bear 2, 4 or 6 bits.
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The allocation of control information across the DLF is a certain extent symmetric towards the
median PRB number 7 which is crossed by conditional “direct current” (DC) subcarrier. Three PRBs
below the central PRB7 (from PRB4 to PRB6) look similar to above resource blocks PRB8 — PRB10.
All the other PRBs and related ADSs (e.g. PRBO — PRB3 in Fig.2) have typical structure towards white
colored elements (payload user data); in this location one ADS block is shown in the sub-frame 1 x
PRB2.

The highlighted ADS segment in Fig.2 has three first colons occupied by control elements of
various types; among them: two red-color elements of cell-specific Reference Signal (RS) for selected
Tx-antenna port, and two black colored elements for unused by selected Tx-antenna port or undefined
for all ports. The last nine colons of ADS have 12 reserved elements (six red-colored RS and six black-
colored unused). The rest of (9x12)-12=96 elements are free for user data.

Eventually, we will focus the user data block of 96 elements within a distinct ADS consider the
16QAM modulation type. Thus, the overall payload capacity of such ADS is (4 bitsx96 elements)=384
bits or 48 bytes. This payload user data block we denote as virtual ad hoc packet (VAP). According to
the LTE physical layer specification, the sequence VAP regular circulates in down link channel with
frequency of 1 KHz (i.e. with 1 ms cycling). This property of the DLF scheduling we will exercise in
ad hoc mode for enhanced multimedia data transmission over the LTE network.
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Figure 2 — The DLF resource allocation framework

Real time data multiplexing in LTE radio channel. Consider determined above virtual ad hoc
segment (ADS) shown in Fig. 3,a with respect to enhanced real time data transmission over the LTE
radio channel. Let the sequence of ADSs in a fixed PRB area (e.g. PRB2 in Fig.2) be redefined for par-
ticular utilization beyond the conventional UE service. Each segment within the ADS-sequence we will
handle as synchronous transporting module (STM) of physical layer in LTE access network; the user
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data block (virtual ad hoc packet VAP) we determine as virtual data link layer ad hoc frame in terms of
OSI reference model. Thus, we obtain the virtual ad hoc channel (VACH) of (48 byte x 8 bit/byte x 1
KHz) = 384 Kbps capacity. This virtual channel operates with 1ms latency (this is ten times less than
standard LTE frame latency); therefore, this virtual channel can be used for particular applications (e.g.
wireless communication between electronic devices in sensor networks or M2M domains).

One of the simple ways to benefit the virtual ad hoc channel VACH determined above is simu-
lation the circuit switch mode for data transmission due to the predetermined virtual connections
(VCN); these VCN can be either permanent according to some agreements or to be dynamically
switched due to specific signaling protocol. Each element of virtual ad hoc packet VAP we have de-
termined as 4 bit entity which is convenient to present as a string in hexadecimal form, Fig. 3,b. The
first VAP-element (4 bits) contains the number of protocol to handle the VPA; the second element en-
codes the typical variants of VCN-segments allocation; the last two elements contain 8-bit cyclic re-
dundancy checksum (CRC) of entire VAP. Each VCN-segment may take the even number of elements
(it is multiple of one byte). The partitioning of the VAP payload among the diverse VCNs is arbitrary
(due to the established virtual circuits). The minimal size of VCN-segment is 1 byte, the maximum is
(96-4)/2=46 bytes. To support the circuit switch mode of ADSs processing, an appropriate switching
function must be provided in the eNB entity. In case of dynamic VCN reconfiguration the related sig-
naling protocol has to be mounted in eNB. In this way, the LTE downlink frame is divided in two parts:
a) regular partition delivered with 10 ms cycling; b) ad hoc partition in the form of ADS-sequence with
1 ms cycling intended for real time data transfer over the radio channel.
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Figure 3 — The structure of virtual ad hoc segment (ADS)
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Many network based applications such as machine-to-machine distributed systems, sensor net-
works and others are critically sensitive to the telemetry data latency and control information time de-
lays. Therefore, an actual issue is adaptation of advanced mobile communication platforms like LTE to
the increased demands in dynamic object interaction. The paper introduces an enhanced method of real
time data multiplexing in LTE radio channel. This method provides an effective time delay reduction
from 10 ms to 1 ms for particular dedicated class of network objects which are handled in ad hoc cir-
cuit switching mode through arbitrary data segment allocation within the virtual ad hoc packet of 48
bytes length and 46 bytes payload for real time data. Further researches in this direction imply devel-
opment the methods of latency restriction in packet-based segments of transporting infrastructure for
real time data. The implementation of proposed method may require new steps in LTE specification
evolutionary progress.
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