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The tming advance updule commands are penerated al U Medium Access Conlrol
IMAC) laver in the eNodeB and transmitted to the UE as MAC control clements which
may be multiplexed together with data on the Physical Downlink Shared CHannel {PDSCH).
Like the initial bming advance command in the response to the Randem Access CHannel
(BACH) preamble, the update commands have a pranularity of 0.52 ps; in the case of the
update commands, the UE 15 required 1o unplement them with an accoracy of 0013 ps.
The range of the updaic commands is 2165 us, allowing a step change in uplink timing
equivalent Lo the length of the extended CP {ie. 16.67 ps). They would typically not be sent
more frequently than about 2 Hz. In pracice, fast updates are unhkely to be necessary, as
even for a UE meving at 300 km/h the change in round-trip time 15 not more than 0,93 js/s
The eNodeB must balance the overhead of sending regular timing advance uvpdate commands
to all the UEs in the cell against a UE's ability to transmit quickly when data arrives in its
transmitl buffer. The eNodeB therefore configures o tmer for each UL, which the UE restarts
each fime a timing advance update command is received; if the UE does not receive another
timing advance update command before the fimer expires, it must then consider itz uplink ©
have lost synchronizatien.® In such a case, in order to avoid the risk of generating interference
e uplink transmissions from cther UEs, the UE is nol permilted 0 make another uplink
transmission of any sort without first Iransmitiing a random secess preamble o einitialize
the uplink timing,

Une Turther use of Iming advance & o creale a switching tme between uplink receplion
al the eNodeB and downlink transmission [ur TDD and half<duplex FDD operation. Thas
swilching tume can be penerated by applying an additenal tming wdvance ollsel W the
pplink transmissions, 1o increase the amount of iming advance beyond what is required e
compensate for the mound-trip propagation delay. Typicatly a switching ime of up v 20 ps
may be nesded. This 1s discussed in more detul in Section 23,4 1.

DPLINK TRANSMISSION PRECEDURES

18.3 Power Control

18.3.1 Overview

LUplink wansmitter power control in a2 mohile communication system serves an impaortant
purposc: it balances the need for sufficient ransmitted encrgy per bit to maintain the
limk guality corresponding to the required Qualny-of-Service (DoS5). agamnst the needs o
mimmize wlerference 1o other vsers of the syvsiem and te maximize the battery life of the
mobile werminal.

In achieving this purpese, the power contrel has o adapt (o the characteristics of the radic
propagatien channel, including path-loss, shadowing and Mzt fading, os well as ovencomang
interference from other users - bath within the same cell and in neighbouring cells.

The requirements for uplink interference management in LTE are quite different from
those for WOCDMA, In WODMA, the uplink iz hasically non-orthogonal,” and the primary
source of interfercnce which has to be managed is intra-cell interference between different
psers i the same cell, Uplink users in WCDMA shoare the same tGime-fPequency resounces,

PN than loss of oplink symclwonization is possible without keaving RRC_CONNECTED stae f20e Chapter 35,

"The later releases of WUDIMA do, however, inlroducs a preater element of orthogonality into the uplink
Iransmissions, by means of lower spreading lectors and greater pse of Ume-division multiplevng of diflerenl osers
in HSDPA amd HSUEFA
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ang they generale an inlerference rise above thermal pose at the NodeB recemvers this s
known as ‘Rizc over Themmal” {RoT ), and it has to be carctfully contrelled and sharcd between
users. The primary mechanism for increasing the uplink data rate for a given user in WOCDMA
15 to reduce the spreading factor and increase the tansmission power accordingly. consuming
a larger properticn of the wial avalable RoT in the cell.

By contrast, n LTE the uplink 13 bazically orthogonal by design, and intra-cell interfene e
managcment is consequently less eritical than in WCDMA, The primary mcchanisms for
varying the uplink data rate in LTE are varying Lhe transmitted bandwidth arnd varying the
Moedulation and Coding Scheme (MCS), while the transmitied Power Spectral Density (PSDY
could typically remain approximately constant for a given MOCS.

Morcoover, in WODMA the power control [3] was primarily designed with conrinuounsz
tranemission in mind for circoit-switched services, while in LTE fast scheduling of different
LIEs is applied at | ms intervals. This is reflected in the fact that power control in WCDMA
is periodic with a loop delay of (.67 ms and a normal power step of =1 dB, while LTE allows
for larger power sieps (which do not have o be periadic), with a minimum loop delay of
about 5 ms (sec Figene 15.5).

With these considerations in mind. the power contrel scheme provided in LTE employs a
cambination of open-loop and clesed-Toap cantrol. This in theery requires less feedback than
a purcly closed-loop scheme, as the closed-lonp feedback is only needed to compensate Tor
cases when the UE's own estimate of the required power setling is not satsfaclory.

A tvpical mode of vperation for power control 1o LTE involves selling o course operaling
point for the transmission PSD® by open-loop means, based on path-loss estimation. This
would give a suitable PSD for a reference MCS in the prevailing path-loss and shadowing
conditions. Faster adaptation can then be applied around the open-loop operating point by
closed-leop power control. This can control interference and hne-tune the power setting (o
suit the chanpel cenditions (mcleding Gast fading). However, due w the orthogonal nature of
the LTE uplink, the LTE closed-loop power contio] docs not nced to be as fast as in WCDMA
—in LTE it would typically be cxpected to operate at no more than a few hundred Hertz,

Meanwhile, the fasiest and most frequent adaplaiion of the vplink ransmissions is
by means of the uplink scheduling seants, which vary the tansmutted bandwidih {and
accordingly the total ransmitted power), together with zetting the MOCS, in order o reach
the desired tranamitted data rate,

With this combination of mechanisms, the power control scheme in LTE in practice
provides support for more than ome mode of operation. It can be seen a8 a toolkit” from
which different power eontrol strategies can be selected and used depending, for example, on
th deployment scenario or system loading.

18.3.2 Detailed Power Control Behaviour

Deetailed power cantrel formulag are specified in LTE for the Physical Uplink Shared CHan-
nel {PIISCHE, Physical Uplink Control CHannel {PUCCH] and the Sounding Eefercnce
Signals (SRSs) [6]. The formula for each of these uplink signals follows the same basic prin-
ciples: though they appear complex. in all cases they can be considered as a summaticn of two
main rerms: 3 basic open-loop aperating point derived from stalic or zemi-stalic paramelers

Fin LTE. the PSI) is set as a power per Resounce Block (REY: if multiple RBs are tranamilied by 2 UE in 2
sl rmim L power per KB s the some for all KB
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