Lec29

Tuesday, March 6, 2018 10:07 AM

lec29-mwf-new Page 1



Resource Grid
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Figure 6.1: Basic time-frequency resource structure of LTE (normal cyclic prefix case).
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Total Number of Number of Occupied Usual
bandwidth resource blocks sub-carriers bandwidth guard bands
1.4 MHz 6 72 1.08 MHz 2 x 0.16 MHz
3MHz 15 180 2.7MHz 2 x 0.15 MHz
SMHz 25 300 4.5MHz 2 x 0.25 MHz
10 MHz 50 600 9 MHz 2 x 0.5 MHz
15MHz 75 900 13.5MHz 2 x 0.75 MHz
20 MHz 100 1200 18 MHz 2 x 1 MHz
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20 MHz 100 1200 18 MHz 2 x 1 MHz

Table 6.7 Cell bandwidths supported by LTE
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Figure 6.10 Example mapping of physical channels to resource elements in the downlink,

using FDD mode, a normal cyclic prefix, a 5SMHz bandwidth, the first antenna port of
two and a physical cell ID of 1

o U ICH.
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Figure 6.11 shows the corresponding situation on thie uplink. The figure assumes the use
of FDD mode, the normal cyclic prefix and a bandwjdth of 5MHz.
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Reference signals in the DL

Sunday, February 25, 2018 8:38 PM

— (e e—bl— OMJ_W fvﬁwb_/‘s‘ ) +L. W&
SUTDS N O oA o MV\WMQ‘

— Juw ol 0L, B éroaiCO\ﬁ- %Mwu\_ Jd/-»,y{/_) aAd—

AJQ\O/WO@LQL REs

Figure 8.2: Cell-specific reference symbol arrangement in the case of normal CP length for
one antenna port. Reproduced by permission of © 3GPP.
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Reference:
Chapter 8.2, S. Sesia, |. Toufik, and M. Baker, "LTE-the UMTS long term evolution: from theory to

practice," John Wiley & Sons, 2011. (available online from Purdue library.)
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Uplink reference signals

Monday, February 26, 2018 11:32 AM
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Figure 15.8: Uplink subframe configuration with SRS symbol.

3/1/2018 2:41 PM - Screen Clipping

— Tle 4 07L SWST o
%MTZJ) ( o~ c»ﬁw”b ¢ VIeR d

—  ged UE oy MJWVQ o abrat o 7’T'/l+’ Jad SRS
_ OHe—ie A U V‘va/ i Jpmn (““(717‘““‘%”- Y

o~ He & 7- S edfomens UE D AL

— /WJ‘WL\ UCs o o St 5“”?7”“/" = o< ﬁéij
— N l'\,d:&rjl/’—:e/wd’-— WN &/é[

; wrw@“’*h“* b A

/ 7’; ‘,br— CMW:N&/,‘—{W-

s -1’!'—-077 $ RS WWMH&J c— b

lec29-mwf-new Page 8



UE#1 PUSCH [[[]]] UE#1 SRS Comb R UE#3 SRS Comb

B28%) UE#2 SRS Comb UE#4 SRS Comb

Data Data Data RS Data Data SRS
A LB#0 LB#1 LB#2 L8#3 LB#4 LB LB#6

TTIT11T
IERNEREI
LILTITTL]

W JIILL]

IEEEEE NN
ITTIIIT]
LULLLLLLL
INE NN
11T
IENEE RN

JIII1L]]
WSAAAAANAN

Frequency-

NNNN
ITTTITIIT

A
y

0.5 ms slot

Figure 15.9: SRS symbol structure with RPF = 2.
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Chapter 15.1, 15.5, 15.6, S. Sesia, I. Toufik, and M. Baker, "LTE-the UMTS long term evolution: from
theory to practice," John Wiley & Sons, 2011. (available online from Purdue library.)
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Resource allocation decisions - 10min
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Fig. 10. DL control information: PCFICH. PHICH, PBCH. PDCCH. PDSCH.
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The mapping of data to physical RBs can be carried out in one of two ways: localized
mapping and distributed mapping.’

Localized resource mapping entails allocating all the available REs in a pair of RBs to
the same UE. This is suitable for most scenarios, including the use of dynamic channel-
dependent scheduling according to frequency-specific channel quality information reported
by the UE (see Sections 10.2.1 and 12.4).

Distributed resource mapping entails separating in frequency the two physical RBs
comprising each pair, with a frequency-hop occurring at the slot boundary in the middle
of the subframe, as shown in Figure 9.3. This is a useful means of obtaining frequency
diversity for small amounts of data which would otherwise be constrained to a narrow
part of the downlink bandwidth and would therefore be more susceptible to narrow-band
fading. An example of a typical use for this transmission mode could be a Voice-over-
IP (VoIP) service, where, in order to minimize overhead. certain frequency resources may
be *semi-persistently scheduled” (see Section 4.4.2.1) — in other words, certain RBs in the
frequency domain are allocated on a periodic basis to a specific UE by Radio Resource
Control (RRC) signalling rather than by dynamic PDCCH signalling. This means that the
transmissions are not ablé to benefit from dynamic channel-dependent scheduling, and
therefore the frequency diversity which is achieved through distributed mapping is a useful
tool to improve performance. Moreover. as the amount of data to be transmitted per UE
for a VoIP service is small (typically sufficient to occupy only one or two pairs of RBs in
a given subframe), the degree of frequency diversity obtainable via localized scheduling is
very limited.
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Figure 9.3: Frequency-distributed data mapping in LTE downlink.
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Reference:

Section V.A, G. Ku and J. M. Walsh, "Resource Allocation and Link Adaptation in LTE and LTE Advanced: A Tutorial," IEEE
Communication Surveys & Tutorials, vol. 17, no. 3, 2015.

Chapter 9.3.5, S. Sesia, I. Toufik, and M. Baker, "LTE-the UMTS long term evolution: from theory to practice," John Wiley & Sons, 2011. (available online
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Downlink control channels - 10min

Sunday, February 25, 2018 8:00 PM

One radio frame = 10 ms
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Fig. 10. DL control information: PCFICH. PHICH, PBCH. PDCCH. PDSCH.

2/25/2018 8:06 PM - Screen Clipping

JCFrew

—_— Q/\N?/'a 0L <b M(“ﬂ‘) e a s N V}v\/d*w é/“
—j’L& Cw%’—\-"z e U\/‘Vw\x/d':(/\—/

— L o 7 L o~ B ;fj»«_«L)[Q f
I (L,,ar Cene GC% —+ f‘ Y
e

L L PCF2CH .
— Tle lopat— 1 secl cereh oy
e e €72 ((cnd #meﬂ/ ol codm)

_)epatl e (4 REsL I~ ST of 4 (e MeA
/ZZ’ éﬂ/""‘/?) ;_0( o aA- e 7L~%1"— oF oM les[ ¢/“

lec29-mwf-new Page 16



J/\N/v-a DL SWB\}"’M aA— g/ 5/\\/-&/\ ]L'“V‘ aﬂc‘”ﬁ@

frequency

s
l N BN BN BE SN BN BN BN BN BN SN BN BN BN BN BE NN BN BN BN BN EE =5E =N

O T O O Y ANEEEEEN. R I IEEEENENEEENENEEEEE

‘E-RD' @ PCFICH resource elements ///

m Resource elements reserved for One REG
reference symbols
Figure 9.6: PCFICH mapping to Resource Element Groups (REGs).
Slot 2i Slot 2i+1 Sub-frame |
PRBNRE -1 B

PHICH

=) Group 2
Group 1
Group 0

Y
DL R ]
NeaWNse £

72 subcarriers
. xddons

00 i v
PCFICH PDCCH

0 1 2
* Control Region * *

Fig. 10. DL control information: PCFICH. PHICH, PBCH. PDCCH. PDSCH.

— zm«w»@mﬁwm—gf pooe | orerkend cem Lo
MSMM—@—PMBW&&’L

W_J’Q :\
- ,W/(M,JQL CtFr, R& a— wa’w ~
[LFES

lec29-mwf-new Page 17



Cell-specific RSs : C0-C3 on antenna ports 0-3
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Section IV.A, G. Ku and J. M. Walsh, "Resource Allocation and Link Adaptation in LTE and LTE Advanced: A Tutorial," IEEE
Communication Surveys & Tutorials, vol. 17, no. 3, 2015.

Chapter 9, S. Sesia, I. Toufik, and M. Baker, "LTE-the UMTS long term evolution: from theory to practice,” John Wiley &
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Synchronization signals
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Figure 7.1: Information acquired at each step of the cell search procedure.
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- 10 ms Radio Frame -
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Figure 7.2: PSS and SSS frame and slot structure in time domain in the FDD case
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Chapter 7.1, 7.2, S. Sesia, I. Toufik, and M. Baker, "LTE-the UMTS long term evolution: from theory to
practice," John Wiley & Sons, 2011. (available online from Purdue library.)
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