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have NA k 2 NB k due to the RS structure in LTE where

2 out of every 6 subcarriers '3" 8 - are reserved for
WERIwsRB OFDM synbol s (see FIGs. 1 and 2). PCT/KR2009/000069

Furthernore, we propose the ratio between the two data

EPREs as: k3 a0) (1) PB k 2 for lc=1, ...K
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FIG. 3 schematically illustrates an example reference signals transmission

over six subcarriers within a subframe via four transmission antennas (4 Tx) suitable
for the practice of the principles of the present inventions;

FIG. 4 schematically illustrates an example reference signals transmission
over six subcarriers within a subframe via two transmission antennas (2 Tx) suitable
for the practice of the principles of the present inventions;

FIG. 5 schematically illustrates an example reference signals transmission
over six subcarriers within a subframe via one transmission antenna (1 Tx) suitable
for the practice of the principles of the present inventions;

FIG. 6 schematically illustrates an example of mapping of downlink
reference signals in OFDM symbols 1 and 2 for four transmission antenna;

FIG. 7 schematically illustrates a wireless system including the base station
(eNodeB) and the user equipment as an embodiment according to the principles of
the present invention;

FIG. 8 schematically illustrates a flow chart outlining a process for
transmitting downlink power setting information at a base station (BS) as an
embodiment constructed according to the principles of the present invention; and

FIG. 9 schematically illustrates a flow chart outlining a process for
calculating power setting information at a unit of user equipment as an embodiment
constructed according to the principles of the present invention.
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ratios on all OFDM synbols within a subfranme and on
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set of OFDM synbols with RS in the normal CP

situation, whereas i E {2, 3, 4, 6, 7, 9,10, 11, 13, 14}

is the set of OFDM synbols without RS in the nom nal

CP situation with 2Tx. W) s.

2009/ 088218PCT/ KR2009/ 000069 -9 Table 2: The T2P ratio

for 2Tx case. i E {1, 5,8,12} i E {2,3,4,6,7,9, 10, 11,

13,14} t e {OM3PB k PB,k --(1-' TIRO 2PRs PRS

Tabl e 3 shp@rACEDBESURASTIONDF THERNNYERATON

wthin a subfrane and on all antennas for 4 Tx case.

Here i {1,2,5,8,9,1 2} is the set of OFDM synbols wth

RSIn nthih dnpentipe, ©P praneaei visthadseppdsapparatus to improve the
perféshdinte Gand, AAudd 8 otéhend dfhéhanatl ghal@yDMdssarbal fedback in a
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0 :h g{)ﬁlggstréa 1o for 4Tx cas% | e é,l, 2,5,8,9 12} i E
{ 3A8PECty, fegturgs, pad pglvantages of the mvention are readily apparent from

the following detailed description, simply by illustrating a number of particular
embodiments and implementations, including the best mode contemplated for
carrying out the invention. The invention is also amenable to realization in other and
different embodiments, and its several details can be modified in various obvious
respects, all without departing from the spirit and scope of the invention.
Accordingly, the drawings and description are to be regarded as illustrative in nature,
and not as restrictive. The invention is illustrated by way of example, and not by way
of limitation, in the figures of the accompanying drawings.

FIG. 1 illustrates an Orthogonal Frequency Division Multiplexing (OFDM)
transceiver chain. In a communication system using OFDM technology, at
transmitter chain 110, control signals or data 111 is modulated by modulator 112 and
is serial-to-parallel converted by Serial/Parallel (S/P) converter 113. Inverse Fast
Fourier Transform (IFFT) unit 114 is used to transfer the signal from frequency
domain to time domain. Cyclic prefix (CP) or zero prefix (ZP) is added to each
OFDM symbol by CP insertion unit 116 to avoid or mitigate the impact due to
multipath fading. Consequently, the signal is transmitted by transmitter (Tx) front
end processing unit 117 and at least one antenna (not shown), or fixed wire or cable.
The signal is transmitted from one or more antennas driven by unit 117 via the
atmosphere and is subjected to multipath fading to arrive at a receiver. Note that the
multipath fading channel illustrated in FIG. 1 refers to a transmission media (for
example, atmosphere), and the multipath fading channel is not a component
connected to the receiver, nor to the transmitter. At receiver chain 120, assuming
perfect time and frequency synchronization are achieved, the signal received by
receiver (Rx) front end processing unit 121 is processed by CP removal unit 122.
Fast Fourier Transform (FFT) unit 124 transfers the received signal from time
domain to frequency domain for further processing.

The total bandwidth in an OFDM system is divided into narrowband
frequency units called subcarriers. The number of subcarriers is equal to the
FET/IFFT size N used in the system. In general, the number of subcarriers used for
data is less than N because some subcarriers at the edge of the frequency spectrum
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the actual power, so the k-th UE needs to know PB, k |

PR.S and RS overhead ratio 77"s to derive PA k P.

Here Pia is the per- subcarrier RS power. It is
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rece®ell O SnANGE RS BNFbcOFEMIRY FRR! @ata streams. An example of spatial
signal processing is vertical Bell Laboratories Layered Space-Time (V-BLAST)
which uses the successive interference cancellation principle to recover the
transmitted data streams. Other variants of MIMO schemes include schemes that
perform some kind of space-time coding across the transmission antennas (e.g.,
diagonal Bell Laboratories Layered Space-Time (D-BLAST)) and also beamforming
schemes such as Spatial Division multiple Access (SDMA).

The downlink reference signals mapping for four transmission antennas in
the 3GPP LTE (3™ Generation Partnership Project Long Term Evolution) system is
shown in FIG. 3. The notation ®, is used to denote a resource element used for
reference signal transmission on antenna port p. It can be noted that density on

antenna ports 2 and 3 is half the density on antenna ports 0 and 1. This leads to
weaker channel estimates on antenna ports 2 and 3 relative to channel estimates on
antenna ports 0 and 1.

Similarly, FIG. 4 schematically illustrates downlink reference signals
mapping for two transmission antennas in the 3GPP LTE system, and FIG. 5
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third enbodi ment according to the principles of the

present invention, we allow the 4 Tx antennas to share

the RS power overhead in the RS OFDM synbols. This can

be achi eved by schenmes suchyas using virtual antennas

to share the power between different physica

antennas. In this case, a virtual antenna is basically

a fixed pre-coding vector applied on the existing

scheplayishlp lill@diRey dswnBiik rbfé@érﬁfeoﬁlgnﬂﬂ%ﬁﬁﬁlﬁgtfoﬁldrﬁé ﬁ'ﬁfsmmsmn
antex%%:;nﬁﬁ%@ GEYYL AR gtlg si cal antennas. a result,
Ke)

across :nnas and OFDM synbol s are qi ven
Anggagnpie of referenggriignads transmission; oisar i sebrarfiens within the

first dﬂ‘se OHDMveyngbeli fifozn ench J2Re rfail antaaiDEertORRMoRHRANTE. 6. Tt
can be folelt: thaP tif 8097%11 ab Slabid 68nf edth Itehita ]p%%t for%u%ar%i’e;’s} other
than the reference signals, e.g., data subcarriers, vary from OFDM symbol to OFDM
symbol. Keeping the power level the same across antennas on these subcarriers
results in inefficient use of power, because the power level is limited to the minimum
power level available from a given antenna port even though other ports may have
extra power available. Likewise, keeping the power level the same across OFDM
symbols on these subcarriers also results in inefficient use of power, because power
level is limited to the minimum power level available in one OFDM symbol although
other OFDM symbols may have extra power available. Another solution could be to
puncture some data subcarriers in OFDM symbols containing pilots to keep the
power level the same across the symbols. This approach, however, may undesirably
result in a waste of subcarrier resources thus degrading system performance and
capacity.

1. Methods of calculating Traffic-to-Pilot (T2P) ratios on all OFDM symbols
for 1, 2, 4 eNodeB Transmit antennas cases (1,2,4 Tx)

In a first embodiment according to the principles of the present invention, we
show how the P_A/P_B ratio is calculated from the RS boosting value, which is
represented by the RS overhead as a percentage of total power in the RS OFDM
symbol. Furthermore, using the P_A/P_B ratio obtained from the proposed method,
we can further specify the T2P ratios on all OFDM symbols, and across different
transmit antennas, for cases where we have 1, 2 or 4 transmit antennas (1, 2, or 4 Tx).

Let the total available data power on a non-RS OFDM symbol be E,, and let
the total available data power on an RS OFDM symbol be E, = (1-7,)E,, where
Mgs 18 the total RS power as a percentage of the total power on the RS OFDM

symbol. For the k-th user (i.e., UE), let the pair (PB’,{ N B,k) be the EPRE power and

the number of subcarriers assigned on the non-RS OFDM symbols; and let the pair
(PM N A,k) be the EPRE power and the number of subcarriers assigned on the RS

OFDM symbols.
1. For two (2) Tx (2 eNode-B transmit antenna) and four (4) Tx case. We

have N, , = —i—N s, due to the RS structure in LTE where 2 out of every 6 subcarriers

E
-



3 -(2 -77"k ROPB PB,k 4PRS PRY 3. Signaling of the
paraneters related to DL PDSCH power setting. W
wo eoovjegs21ot e t hat the eNodeB (eNB) supports dPGIKBR2@9/000069
| evels of ri"s, and we can use a few bits (for exanple
3bits) to represent the 7-7"s level. Furthernore, we
WO 2009/ 088218PCT/ KR2009/ 000069 denote R ovhd as the
eNodeB signaling indicatinggboth the 77,s |evel and
the nethod of conputing all the T2P ratios across all
antennas and OFDM synbol s, according to one of the
tabl es (Tables 1-5) as shown above. In a fourth
are @8QO6d 6N R Saic KISHOFP NMOsyinkiso19 (bt FRGES1 ?ﬁgtj)?h]gtﬁlfl’f@ﬁfore, we
anl t ppi ng o ov 0
pmp?gé,/gfglrgggP;%%Wﬁé%t(%{oadéggﬁég%"puti ng the T2P rati os
is ill u(g‘gu_aﬁegﬁ@plg\g%j n Takhe 6. An exanple of 3-bit
R ovhd is &howd in I's exanple, and 4 Tx case is

as . [ X I we opser th he ods
, spzr i T éd'liehwggﬁ g %qB%?GJ%IQI&lIP & ‘?EEQ_S% 1%41?&%@?% above

ratiognablpg sl wse BaKiNUBaQPvISInRasl RS aadh nbe-RS KEDMhsymbols at
the sainfestineedTo Bet hhis, examy & pobaklcdnfrol byHePloa Bk 1HRPREYFDM

of R ovhdigo | b, |evel ané)the method of R ovhd 77,6
symbely eWVharep ¢ &) @ at Epn inet Moy DOGerl is15ed 68%he non-RS OFDM

T2Prati ontthod specified in Table 3, for 4Tx case. 001
symHgl8 thed @ is easy to verify that

X

X 3 2
Z PNy, :ZE(I — s )Py ENB,k =(l-mp)Ez =E,, (2)
k=l

k=1

which indicates the full use of power on RS OFDM symbols.
2. For one (1) Tx case. We have N, = %N 5 due to the RS structure in LTE

where 1 out of every six subcarriers is reserved for RS in RS OFDM symbols (see
FIG. 3). Furthermore, we propose the ratio between the two data EPREs as:
Py _ 6

="t =—(1- .(3

a P, 5 (=175)- (3)
We now organize the above proposal into tables that indicate the Traffic-to-

Pilot (T2P) ratios on different antennas and different OFDM symbols. Note ‘i’ is the

OFDM symbol index and i=1,...14, and t is the transmit antenna index.

Table 1 shows the T2P ratios on all OFDM symbols within a subframe and
on all antennas for 1 Tx case. Here i{1,5,8,12} is the set of OFDM symbols with

RS in the normal CP situation, whereas ie {2, 3,4,6,7,9,10,1 1,13,14} is the set of
OFDM symbols without RS in the normal CP situation with 1Tx.
Table 1: The T2P ratio for 1Tx case.

ic{,5.812) | 7€42.3.4,6,7,9,10,1],
13,14}
A I TR
5 PRS PRS

Table 2 shows the T2P ratios on all OFDM symbols within a subframe and
on all antennas for 2 Tx case. Here i {1,5,8,12} is the set of OFDM symbols with

RS in the normal CP situation, whereas i e {2,3,4,6,7,9,10,11,13,14} is the set of
OFDM symbols without RS in the normal CP situation with 2Tx.
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Reser ved Simlar tables (where the sane T2P

W@ 2000088218 ons nethod is applied to all entri esPCVER2098/000069
constructed for 1Tx case with Table 1 nethod, and 2Tx
case with Table 2 nethod, and 4Tx case with Table 4
nmet hod, and finally 4Tx case with Table 5 nethod.
For exanple, a 3-bit R-ovhdodesign for 2Tx eNodeB
transmt antenna case is shown in Table 7 bel ow, where
all R ovhd entries will use T2P cal culation nmethod
specified in Table 2. Table 7: Exanple of mapping
of TRbiwBdTheoT2P taiid BredT-acubet he net hod of corrputl ng
the T2P rati O>,e§rp|8t12 ovhd ;ang 1% A R ovyhd
77,s lLevel T2p calculation nng%g oob 1/6 16 66%
001

te{0,1} _(1 1) 2L Bk Lk
RS

PRS ‘PRS

Table 3 shows the T2P ratios on all OFDM symbols within a subframe and
on all antennas for 4 Tx case. Here ie{1,2,5,8,9,12} is the set of OFDM symbols

with RS in the normal CP situation, whereas i € {3,4,6,7,10,11,13,14} is the set of

OFDM symbols without RS in the normal CP situation with 4Tx.
Table 3: The T2P ratio for 4Tx case.

ie{l 2,5,8, 9 12} | ie{3,4,6,7,10,11,13,14}

1e{0,1, P,

—(1-
2,3} ( ) PRS Py

The k-th UE needs to know P,, and RS overhead ratio 7, to derive P In

practice, T2P ratio is more often used then the actual power, so the k-th UE needs to
know P, /P, and RS overhead ratio 7,, to derive P,/ P. Here Py is the per-
subcarrier RS power.

It is important to note that while this ratio allows full use of power in both RS
and non-RS OFDM symbols, this ratio does not mandate that full power being used
at all time. In fact, simply removing one UE from the K UEs provides an example of
not fully using the eNB power.

Examples (for 2Tx case)
P, .
(1) If 77, =1/3, then we have o = —P——— > (1 M) =1. This is the case where
Bk
the percentage of total power and total bandwidth used for RS overhead is the same.
We sometimes refer to this case as “non-boosted RS”
P
(2) If 77,4 =2/3, then we have o = -?— 5 (1 Mxs)=—. This is an example of
Bk
so-called “boosted” case where more percentage of power than bandwidth is used for
RS overhead. We note that the data RE powers on the RS OFDM symbols have to
be reduced to make room for the RS “boosting”.
2. Other alternatives for calculating T2P ratios in four (4) Tx case
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T2Prati onet hod specified in Table 2, for 2Tx case. 011
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In a fifth enbodi nent according to the principles of

the present invention, another nethod of such mapping

of Rovhd to 77", level and the nethod of conputing

the T2P ratios is illustratigd below in Table 8. An

exanpl e of 3-bit R ovhd is shown in this exanple, and

4 Tx case is assuned as an exanple. In this exanple,

we observe that different nethods can be used for

di FbetientTeniass, 68 is nblSvdriliySthab 1f«‘Wer de@ T ZPsﬁcc-Bg(ﬁng to Table 3,

then‘f@% fﬂ‘égﬁ pDﬂEEEr?}ﬂO% ESJC bt all a% earll?l ngl?lﬁgavfheé% S?t tgl?l power.
ThlST%GP% tos therfps thab fore gm@néDEDMﬁm Al oty halé\ﬂfth anfepngs will
transingiv 8IS, avidietthe ottet RSwill not. If we require equal T2P across all antennas
in the RS OFDM symbol, then we are limited to the solution in Table 4.

In a second embodiment according to the principles of the present invention,
we allow different T2P values across both antennas and OFDM symbols, and get the
following table as one possible 4Tx solution.

Table 4: Further improvement for 4Tx case allowing different T2P ratio
across antennas and OFDM symbols.

ie{15812} ie{2,9} i€{3,4,6,7,10,11,13,14}
te{0,1 3P P,
{ } “(1 URS) Bk _ﬁ
PRS 2 Py Prs
ref{2,3 3P 3 P, P,
2.3 | 35 (=) 22 Bk
2 B{S 2 PRS PRS

In a third embodiment according to the principles of the present invention, we
allow the 4 Tx antennas to share the RS power overhead in the RS OFDM symbols.
This can be achieved by schemes such as using virtual antennas to share the power
between different physical antennas. In this case, a virtual antenna is basically a
fixed pre-coding vector applied on the existing physical antennas, and therefore can
potentially use the power on all physical antennas. As a result, the T2P ratio across
antennas and OFDM symbols are given by Table 5.

Table 5: Further improvement for 4Tx case allowing different T2P ratio
across OFDM symbols.

ie{1,2,5,8,9,12)

3 PBk
= (2= 1pg)—
4 BIp

ie{3749697:10911713914}
Fos

Py

tel0,],
2,3}

3. Signaling of the parameters related to DL PDSCH power setting.
We further note that the eNodeB (eNB) supports discrete levels of 7, , and

we can use a few bits (for example 3bits) to represent the 7,, level. Furthermore, we
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T2Prati onet hod specified in Table 5, for 4Tx case 110
3/6 111 4/6 In a sixth enbodi nent according
to the principles of the present invention, we propose
to include the RS overhead gignal Rovhd in either the
cell-specific broadcast message or UE-specific radio
resource control (RRC) message. Note the cell-specific
br oadcast nessage can be either included in Primary

denair Baduhd as ﬂwihieﬂeli Bighiling m@&mg tsuth By g kevBCGhd the method

of cdﬁﬁ&tﬁgge 31l Qﬁé ’%QP el ac?g’ssslﬂ) antennas and DFDM symbols, according to
one of the tables (Tables 1-5) as shown above.

In a fourth embodiment according to the principles of the present invention,
one method of such mapping of R_ovhd to 77,; level and the method of computing
the T2P ratios is illustrated below in Table 6. An example of 3-bit R_ovhd is shown
in this example, and 4 Tx case is assumed. In this example, we observe that the
methods specified in Table 3 is used for all R_ovhd entries. The number of bits used
for R_ovhd can be other than 3 bits used in this example.

Table 6: Example of mapping of R_ovhd to 7,, level and the method of
computing the T2P ratios. 3-bit R_ovhd and 4Tx assumed.

R ovhd s Level T2P calculation method
000 1/6 =16.66%
001 1/3
010 3/6
011 4/6 T2P ratio method
100 5/6 specified in Table 3, for
101 6/6 4Tx case.
110 Reserved
111 Reserved

Similar tables (where the same T2P calculations method is applied to all
entries) can be constructed for 1Tx case with Table 1 method, and 2Tx case with
Table 2 method, and 4Tx case with Table 4 method, and finally 4Tx case with Table
5 method.

For example, a 3-bit R-ovhd design for 2Tx eNodeB transmit antenna case is

shown in Table 7 below, where all R_ovhd entries will use T2P calculation method
specified in Table 2.

Table 7: Example of mapping of R_ovhd to 7, level and the method of
computing the T2P ratios. 3-bit R_ovhd and 2Tx assumed.
R ovhd s Level T2P calculation method
000 1/6 =16.66%
001 1/3
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12 3/53/432/51/2 For PMCH wi th 16QAM or
64QAM the UP may assune that the PMCH toRS EPRE ratio
wo 2000088218t 0 O dB. Note in the above TabPEI/BR2408/000069

use the notion in Reference [5] (TS 36.213 version
8.3.0). Table 10 summari zes the difference in the
notations used in the original DOI, Reference [1]
(Chairnmen's note 2007 Jej u)p4 and Reference [5] (TS
36.213 version 8.3.0). WO
2009/ 088218PCT/ KR2009/ 000069 - 16 - Tabl e 10.
Different notations used in the present invention,
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oG B 0B TGS 10> 1P (fraftic to brlot

A( Fd6. uS eschenagicaldy killupr@ek) a( flow whert PRSiRegenepomess for
trandndittind® WAIBLRBbREL etid®linformation at a base station (BS) as an
embodiment according to the principles of the present invention. First, a plurality of
methods for calculating traffic~to-pilot ratios (T2P) are established and stored at the
BS via step 310. Then, a mapping scheme between a plurality of overhead signals,
R _ovhd, and a plurality of reference signal (RS) overhead ratios, 77,; , and the

plurality of T2P calculation methods is established and stored at the BS via step 312.
A user-specific traffic-to-pilot ratio P,,/P, for certain Orthogonal Frequency

Division Multiplexing (OFDM) symbols, and a RS overhead ratio 7,, and a

calculation method selected from the plurality of T2P calculation methods are
assigned to a unit of user equipment via step 314. An overhead signal, R_ovhd,
corresponding to both of the assigned RS overhead ratio 7,, and the assigned T2P

calculation method is determined in accordance with the mapping scheme via step
316. Finally, the user-specific traffic-to-pilot ratio P,, /P, , and the overhead signal,
R_ovhd, are transmitted to the user equipment via step 318.

FIG. 9 schematically illustrates a flow chart outlining a process for
calculating power setting information at a unit of user equipment as an embodiment
according to the principles of the present invention. First, a plurality of methods for
calculating traffic-to-pilot ratios (T2P) are established and stored at the UE via step
410. Then, a mapping scheme between a plurality of overhead signals, R_ovhd, and
a plurality of reference signal (RS) overhead ratios, 7,,, and the plurality of T2P
calculation methods is established and stored at the UE via step 412. The UE
receives a reference signal (RS) overhead signal and certain traffic-to-pilot ratio
P, [ Py via step 414. The UE determines both of a RS overhead ratio and a method
for calculating traffic-to-pilot (T2P) ratios in dependence upon the mapping scheme
via step 416. Finally, the UE calculates the traffic-to-pilot ratios across different
transmission antennas and different OFDM symbols in dependence upon the
received traffic-to-pilot ratio P,, /P, , and the RS overhead ratio and the T2P
calculation method determined via step 418.

In a seventh embodiment according to the principles of the present invention,

. o~ Py, . .. P .
we propose to send the either a UE-specific —2£ ratio, or a UE-specific —%£ ratio,
Bk RS

for the k-th UE semi-statically via RRC signaling. This is in addition to the UE-



PB PA Now we wi |l observe Tables 1-3. In Tables 1-3,

the second colum are the T2P for OFDM synbols with
wR3)09mkE2eh i s PA kRs) PB,k in one antenna casePCPRB2009/000069

5pia PA k3 and- -(1- r ROPB 'k in the two or four

antenna case. In other words, PRS 2Pns PAK / PB K = -6

(1 11RJ in one antenna case, and PAK/ PB K = -3 (1--

"s) in the two or PRS PRS_{gi.ns PRs 2 four antenna

case. Now, if we assune ri,s, equals to 1/6, 1/3, 3/6,

4/ 6, we can obtain the correspondi ng val ues

for/sunmarized in Table 11. RSRS Table 11. D fferent

BRI T AN L TN XN
invention &heAnt enna Por t

semi-static via RRC signaling or dynamic via PDCCH signaling. In this case, at the
UE side, all T2P ratios are determined directly from the signaling from the eNB.

In an eighth embodiment according to the principles of the present invention,
the eNodeB determines the downlink transmit energy per resource element.

A UE may assume downlink reference symbol Energy Per Resource Element
(EPRE) is constant across the downlink system bandwidth and is constant across all
subframes until different RS power information is received.

For each UE, the PDSCH-to-RS EPRE ratio among PDSCH REs in all the
OFDM symbols not containing RS is equal and is denoted by p,. The UE may

assume that for 16 QAM or 64 QAM or RI>1 spatial multiplexing, p, is equal to P,
which is a UE specific semi-static parameter signaled in dB by higher layers in the
range of [3, 2, 1, 0, -1, -2, -3, -6] using 3-bits.

For each UE, the PDSCH-to-RS EPRE ratio among PDSCH REs in all
the OFDM symbols containing RS is equal and is denoted by p,. The cell-specific
ratio p,/p, is given by Table 9 according to cell-specific parameter P, signaled by
higher layers and the number of configured eNodeB cell specific antenna ports.

Table 9. Ratio of PDSCH-to-RS EPRE in symbols with and without
reference symbols for 1, 2, or 4 cell specific antenna ports

P! Py

Py One  Antenna | Two and Four Antenna
Port Ports

0 1 5/4

1 4/5 1

2 3/5 3/4

3 2/5 1/2

For PMCH with 16QAM or 64QAM, the UE may assume that the PMCH-to-
RS EPRE ratio is equal to 0 dB.

Note in the above Table 9, we use the notion in Reference [5] (TS 36.213
version 8.3.0). Table 10 summarizes the difference in the notations used in the
original DOIL, Reference [1] (Chairmen’s note 2007 Jeju), and Reference [5] (TS
36.213 version 8.3.0).



Two and Four Antenna Ports 1/6 0 1 5/4 1/3 1 4/5 1 3/6
2 3/5 3/4 46 3 2/5 1/2 Note that PB in Tabl es
W@2@pd88R18 i s a paraneter signaled fromthe eNBPCDHER2009/000069

station) to the user equipnent (UE). For exanple,

i nstead of signaling a physical - 17 - value of [Kks,

= 1/6, the eNB can sinply signal a value of PB =0 to

the UE. In this case, upon_{gceiving this signal PB =

O, the UE will read Table 11 and will figure out that
pBlpA= 1 for the 1 Tx case, and pBl pA =5/4 in the 2

or 4 Tx case Conparing Table 9 with Tables 1-3,

al tTabilgh 01 Défferehensratont @eddh Wee preseflo@Femtftn, Reference [1] and
Ref&&éﬁééﬁgtly show up in Tabl e 9, it can be shown th

daimy [Jal rs—of—vatu Hh—each—+ow—+n—Table-9 follouws fh@

rel ati onship of t hJZF vd raldigdeimles rate) TP (Era(fﬁ;c to pilot ratio)

77Rs) B 'k (left coimn@FDM Tahhiold) withaingh ®pDM/s§1rn152515 without
(1- "s) PB k (I ekts col unn of 5PR82P %'Srabl e 2,3).1

Tcular;, the 1 (1[1_5 os—of —these—two
P1es§%{ jpveniiqn Ry pp agti(goraspkyed by thS}’P@'(foerseﬂ% PA
RS

val ues in each 5Pns”2PRS row of Tabl e

Reference [1] P A P B

Reference [5] P Py

Now we will observe Tables 1-3. In Tables 1-3, the second column are the

P P,
T2P for OFDM symbols with RS, which is — =£(1~77RS)L”‘ in one antenna case,

RS RS

P Py, .
and £ = E(I—URS)—”’i in the two or four antenna case. In other words,
RS RS

Pue Pus
PRS PRS
four antenna case.

Now, if we assume 7, equals to 1/6, 1/3, 3/6, 4/6, we can obtain the

. P Pio )
=§(1—77RS) in one antenna case, and —£/ —Bi:g(l—nm) in the two or
RS RS

. P,. P . .
corresponding values for —2£ /-2 symmarized in Table 11.

RS RS
Table 11. Different values of 244 s o (ps!py)
P, P,
RS RS
' P, P
Trs Pyl p, (=257 225 in the notation of the
P RS RS
Py present invention)
One Antenna | Two and Four Antenna
Port Ports
1/6 0 1 5/4
1/3 1 4/5 1
3/6 2 3/5 3/4
4/6 3 2/5 1/2

Note that P, in Tables 9 and 11 is a parameter signaled from the eNB (base
station) to the user equipment (UE). For example, instead of signaling a physical



In should be appreciated that the functions necessary
to inplenent the present invention nay be enbodied in
wob@bess2t8 i n part using hardware, software, fiPCIER(09/000069

or some conbi nation thereof using mcro-controllers,
m cro- processors, digital signal processors,
progranmabl e | ogi c arrays, or any other suitable types
of hardware, software, and/@r. firmare. Wi | e
the present invention has been shown and described in
connection with the preferred enbodi ments, it will be
apparent to those skilled in the art that

valueedinf,j ealioonise aNdB var siatplprigmdn Rduewder,w ¢ howhe UE. In this

casedepcgf S9848 LR, o, GBS gPRel 8 AN PReure out
<%

hd
that g, APNEDL A AN 5/61rmc,¢hp S Tl
tr ﬁcﬂmparhxg filablet 9rwithOBatdes d-3yi sl tiRr Mtehedidtbevalue 7,

does Rt SRR A A% e 5 i be ooy e st Peicy of veues in

eachn@jﬁngl Grabile s§ nisdlows &gl relationship of thal twd atquations for 1Tx

traf fic | ot r sysbhol acggr
HeY @B@nsrﬂt Sfoiintahie | Sotts Bara o Ueihg) pae R bolimn of
recei Y¥ed overhead signal and traffi cto pi | ot ’i‘*atl o for
Tablﬁor?-,ﬁs OFbM syitisolar, the ratips The thesehdwvoof valbies natk, always

—(1 V\,gﬂe é}Jkn/ 3 H(F%sl tasr)drfk 4/§ 1s ?g%el %E?ﬁ%eoéﬁﬁgﬁgf)% g@nl?egl in each

Resoufsce El errent‘“(EPRE) on the non-RS OFDM synbol s,
row ghdiapled. peing the RS power per resource el enent.

3. Imhshotrkt ved agpreclatddnitlat fher filiREiofi® MidckSIalg to 1mplement the

pzes@r?tt 1ﬁ%ﬁt§(ﬂi Prﬁigabé %prlb%dﬁe%r 1110%8}‘% 8t 11’? g)a}tr 3&3% %a&?w%e g(gftware

ﬁlmwgf‘v o QRS KOPHRAY Ao sERoy WsiRg BT traontagllers pmisterprogessors,
digitef sigh@ipoyaivolks mugianabilde flogictareaysnos ahprtha suitabkt types of

hard®ard, @6&@%@“&&1}1}9%&%‘%”9 used for transm tting
re rneS| dofefx‘ilalm

iereip iy P

fventiophas Ps«?n Vi ala esoBb jin cppngsion with
the PR@PR?EI emm&m@msa ipovill Poapmacentoter thoseesindedant theDad that
modFflchtidndaid ¥adatBés cdh‘be made without departing from the spirit and scope

of the invention as defined by the appended claims.



32/51/2 P'" is a overhead signal, pAis a
traffic-to-pilot ratio for non-RS OFDM synbol and pB
WO 2000/088288 f i c-to-pil ot ratio for RS OFDM synboPCT/KRED09I/000069

2009/ 088218PCT/ KR2009/ 000069 - 19 - 5. The
method of claim11, wherein the traffic-to-pilot ratio
for RS OFDM synbol in 2TX or 4TX antennas is a
multiple of 5/4 in 1TX anteya 6. An apparat us
for calculating traffic-to-pilot ratios at a wirel ess
termnal, the apparatus conprising the steps of:
antenna unit for receiving an overhead signal and a
t r AVHATIS-QLAGMEDBLES® for non-RS OFDM synbol ; and
power setting unit for calculating a traffic-to-pil ot
ratio for RS OFDM synbol according tQ a transm ssion,
antle nﬁa@eﬁ@ar@r CREVANE W%@ic&@eﬁlhgéétl%ﬁ ghalwisglgss terminal, the

methatedmpasing dfedf stept o pi | ot ratio for non-RS OFDM

synbol . i . t f {0_6: r el :
orrE N g o B ot Y PO P o e s
ymoo ,an@_ bei ng an Energy Per Resource El enent
( EPRE) enlculnigng) ariraSc-apFDilos yatiofe RSQF PMasiebolgadchaling to a
tran$¥BisPiOVRIntdias rc@ﬁﬁgﬁﬁa:ﬁﬁg Iﬁﬁ?gm'?hesreetcteivr?g &fne_rliféh]?i gggg:éﬂdu&afﬁc-
Al e [ uni u
to-pgétrrl%kllgsf&nlgon-% 6ﬁb§/s[t35‘5]|b|8§hi ng a table for cal cul ating
traffic-to-pilot ratios at the wireless termnal in a
couithe ahéthod f sdlsim 1Wwwtherdih ahwitkgliess-pilet Ftdfor RS OFDM
Symbgmgrygkapjgl, urality of OFDM synbols available for
transm ssion,  a subset of the OFDM sgrrbol s bei ng used
forfar RiEnegey ek Resewcsi Blgaeat (EPRE) ongthema-RS OFDM
symBplpparal Bs Wing il RS owdd @eLiddotite elahég. is PB PA k' B
,k /(or-4-p1 ' --p) PB PA OneAntenna Port Two and
Four Antenna Ports 0 1 5/4
3. The method of claim 1, further comprising

establishing a table for calculating traffic-to-pilot ratios at the wireless
terminal in a communication system, with the wireless terminal having a plurality of
OFDM symbols available for transmission, a subset of the OFDM symbols being
used for transmitting reference signals;

4. The method of claim 3, wherein the table is

pal py (or L Ly

PB RS RS
One  Antenna | Two and Four Antenna
Port Ports

0 1 5/4

1 4/5 1

2 3/5 3/4

3 2/5 1/2

Py 1s a overhead signal,
p, 18 a traffic-to-pilot ratio for non-RS OFDM symbol and
py 1s a traffic-to-pilot ratio for RS OFDM symbol.



14512 3/53432/512 - 20 - PBis a overhead
signal, PAis atraffic-to-pilot ratio for non-RS OFDM
wagmboss2ad PB is a traffic-to-pilot ratio forPQREKEEDM000069
synbol . 10. The apparatus of claim6, wherein
the traffic-to-pilot ratio for RS OFDM synbol in 2TX
or 4TX antennas is a multiple of 5/4 in 1TX ant enna.

11. A nethod for transmttijogg power setting
information in a base station, the nethod conprising
the steps of: assigning a user-specific
traffic-to-pilot ratio for non-RS OFDM synbol

assi gning a user-specific traffic-to-pilot ratio for

A oPRRSD imwh il R 1 ffri]c ﬁll(&t\?tréa]t{?aéoaollé YrpoMm
o A sy A P ™

for non- RS OFDM synbol to a wirel ess term nal.

126, TRg 4 51}&% & c%ié'ﬂ zmri'gl’u f floCAEBE 2P . Gireless terminal,
p A Bl ARG o o Pieless i

-to-p
the apginiag,g %é“g/\fthreéF%§ termnal in a conmuni cat i on
syst emanignmia unkitefonirewdieng anerveiinald dignadl agd a tpdfficebigilot ratio
for noh KSE@F]EM@%{ laggal abI e for transm ssi on a subset

of t he n sed f ting

ref er er’Pc e % éﬁl um %ﬂq% H’?Wég flg’(ﬁfé fep oBf at@Afor T3 OFDM
symmha@ﬁwah%tq a ﬂr\ﬂb%m@sm HRPRNAPAISIE ﬂh@lrccel_v;ed overhead signal and
received traffic-to-pilot ratio for non-RS OFDM symbol.

7. The apparatus of claim 6, wherein the traffic-to-pilot ratio for RS OFDM
symbol is P,/ Py,

Py, belng an Energy Per Resource Element (EPRE) on the non-RS OFDM
symbols, and P, being the RS power per resource element.

8. The apparatus of claim 6, wherein the power setting unit further
comprising

establishing a table for calculating traffic-to-pilot ratios at the wireless
terminal in a communication system, with the wireless terminal having a plurality of
OFDM symbols available for transmission, a subset of the OFDM symbols being
used for transmitting reference signals;

9. The apparatus of claim 8, wherein the table is

py/ py (or 2k s Fos

PB RS RS
One  Antenna | Two and Four Antenna
Port Ports

0 1 5/4

1 4/5 1

2 3/5 3/4

3 2/5 12




54 4/5 1 3/5 3/4 2/5 1/2 PB is a overhead
signal, PAis atraffic-to-pilot ratio for non-RS OFDM
W@ ywposs2ad P8 is a traffic-to-pilot ratio forPQRBKEEDN000069

synbol . WD 2009/ 088218PCT/ KR2009/ 000069 - 21-

13. The nethod of claim 11, wherein the
traffic-to-pilot ratio for RS OFDM synbol in 2TX or
4TX antennas is a nultipleqgf. 5/4 in 1TX antenna

14. An apparatus for transmtting power setting
information in a base station, the nethod conprising
the steps of: power setting unit for assigning a
user - spacisfd evarheddfsigadlp- pi | ot ratio for non-RS OFDM

sy n‘ooglmfncﬂs R UHBRE oSy o:nxfms b #64-RS OPDRILls sQlbbPAld of or
non- RS @gﬁ\ﬂl grf}fic f o-pilotra 18??%%3:;{5%*\4 ergt")lt ransm tting

. an overhead signal and the user-specific

tr @bf Tt 9? bR off%idlfh 3 %h fh (XA tagdﬂ%‘? Ir%t cPﬁﬁ RS OFDM

symb in & BLR DBHEAhis MU O AG M DL ARG,

establlsh| ng a table for cal cuI ating traffic-to-pilot

raf i 0SA ahethdg M LahaaftihePHRR! seﬁ&%gﬁ?ﬁ%&{g&g% }Fl gﬁlse )§tat10n

the n&%/tﬁgﬁgkﬁngy%’gltgg tglg?rg EISZ ?g{ mt pglnsm ssion, a subset
of assheniugBVsey sirsiEe wallivgtorsidet rhde f@mmRSt(t)FlaM symbol
r ehexigiiag asisgPepifinherfii-fo-pet faibl for RS GBDRB sinfBo] based on
the tSIRRERS plB8fratio for non-RS OFDM symbol
transmitting an overhead signal and the user-specific traffic-to-pilot ratio for

non-RS OFDM symbol to a wireless terminal.

12. The method of claim 11, further comprising

establishing a table for calculating traffic-to-pilot ratios at the wireless
terminal in a communication system, with the wireless terminal having a plurality of
OFDM symbols available for transmission, a subset of the OFDM symbols being
used for transmitting reference signals;

wherein the table is

Pel Py

One Two and Four
Antenna Port Antenna Ports

1 5/4

4/5 1

3/5 3/4

2/5 1/2

5 is a overhead signal,
P4 is a traffic-to-pilot ratio for non-RS OFDM symbol and
Ps is a traffic-to-pilot ratio for RS OFDM symbol.



Port Two and Four Antenna Ports 0 1 5/4 1 4/5 1 2 3/5
3/4 3 2/5 1/2 PBis a overhead signal, PAis a
W@ e@bo38218 o- pi l ot ratio for non-RS OFDM synbol PGHEREBI/000069
is atraffic-to-pilot ratio for RS OFDM synbol .
16. The apparatus of claim 14, wherein the
traffic-to-pilot ratio for RS OFDM synbol in 2TX or
4TX antennas is a nultiple.gf_5/4 in 1TX antenna
17. A method for calculating traffic-to-pilot ratios,
the nethod conprising the steps of: - 22 -
receiving a reference signal (RS) overhead signal

i ndijcat Thg Methodobf 14k qUerWieadid #hd AN 16018t 190 for RS
OrTOF g 0 AT RIL S r L LS 2R AU OF B

a certain traffic-to- pllot ratio PB,k PBS with the
wi ridl éﬂsapmuﬂum #br thansitiging pdweEddtting ﬁffo@f@i‘ﬂrﬁi)ﬁr@%s% statlon

therﬁ&@i'oh%hﬁ) Sg{ fjl%t Orimsm ssion, a subset of the OF
or transmtting_reference_ si gnal S,

B DOVEEi |Sﬁ§mtgh!émfz & Blepdre RaSetTFReeIfr dintlie-tq-pirEyatio for non-
RS 6BV ssebojrel o isthepeoifie RﬁfﬁFWpﬂyﬂb&i@ foraR8 ®PDM symbol

based@In e tREFi R -PAVEFatRYOr AYRRN UF@
r.a |os a cor dong

cal traf.fl c-to-

traﬁﬁ%ﬁé it ol Tt irting s Biia, Gfiiql Arddhe qagectonattic-
to-plofaratia dar pet RS @FDIM symbpl toot wirglase trBiidall P1 , and t he

RS overhead ratio and the T2P cal cul ati on net hod

[ t R naI . . ~18. A ..

I nq C% ?ﬂe Q%fpat.r Qt%s Oft(:&YISrlqeg-b %1 &GFE%UQIEﬁBﬁ%PP@Hr]thlg

a vﬁ%‘ l’égglgt ér Fﬁbllﬁm or t%@%tﬂgodraéﬁmwslphgatlm astthpswireless
termafal imasiogmhngicatign swﬁéml withfthe matdled-tefnidal Bhvihatal M8rality of

OFDM. §§rhthtls %@gﬂﬁﬁe gf)c()lf ﬁaﬁzrg:sg\%%m %ﬁs{é{; %g % gﬁﬁslgl? %HPXOIS being

I on.
used%’ﬁh&ﬂ“frg %rq%ieélﬁﬁ DRIS; the wirel ess terminal, with
t hevhareialthe tableisni nal having a plurality of OFDM
synbol s avail able for data transm ssion, a subset of

t he OFDN yrmmé B;r ng used fortransmtting——+ef erence
si gnal s [(FRS) heing the
One Antenna Two and Four Antenna
Port Ports
0 1 5/4
1 4/5 1
2 3/5 3/4
3 2/5 1/2
PB

is a overhead signal,
Pa is a traffic-to-pilot ratio for non-RS OFDM symbol and
Ps is a traffic-to-pilot ratio for RS OFDM symbol.

16.  The apparatus of claim 14, wherein the traffic-to-pilot ratio for RS
OFDM symbol in 2TX or 4TX antennas is a multiple of 5/4 in 1TX antenna

17. A method for calculating traffic-to-pilot ratios, the method comprising
the steps of:



Energy Per Resource El enent (EPRE) power assigned on
the RS OFDM synbol s, PB, k bei ng the EPRE power

waz®ogseeed on the non- RS OFDM synbol s, and PRs PEI/R§2000600069
RS power per subcarrier; and transmtting the assigned
traffic-to-pilot ratios PA k PRS and PB, k PBs

explicitly to the wireless term nal. 19. A
W reless termnal in a comppnication system
conpri si ng: a menory unit storing a plurality of

met hods for calculating traffic-to-pilot ratios (T2P),
and storing a napping schems between a plurality of

OVEscBRaAtk S gfelehce @ith fcﬂfleiﬁe}ﬂdosfl%ﬁaﬁf ﬁﬂﬁi&ﬁﬁg%(ﬂﬂ af a RS
overﬂ%ﬁ)raﬁé?dqlgﬁaagle d 0% c%pc le{;tlngt f{gl%?‘f) polﬁoé?ir?%i ﬁeﬂg)s at a wireless

termingl gy Q/P‘?@Hﬁﬁﬁ%ﬁﬁmé@%l gnal and a certain
tr eﬂcﬁlvcng @- pditain treefﬁpdo-@ﬂok ratiPR , [ Pyd titlt Hee wiireddse germinal

LR oy T
|SW§1 Reing used Jorsrnsmibie wfereast slganl§n &) s bemg, the Energy
Per lbéas'oﬂgcetlil‘fénfeﬁ‘ﬁ EPR? ggo@%ﬁ‘%ﬁl ﬁecﬁbﬁ'@gg}oﬁ%@FD% bols, and

Frs ‘E"?.‘%hef%%b%%% ver glfnegu%l brrier; and ang power

setdlcwlgtingithe ctaifﬁml-’ratplm raties tacaﬁrﬂbngtto pittapkmisgsioro antennas

configagaiof inGldpendeidealfonl the iredti vt @RffRStCHId @b AL | QPRS L BAnd the
depen%ence upon the received traffic-to-pilot Fati'6

RS ggrheaprigtignafid Hie RaPosadswiation mathed andicetsd bypthe RS overhead

signatal cul ati on nmet hod corresponding to the RS overhead
signal. 20. A nethod for allocating transmt power at
reless te the wireless termn
ha% gA llﬂ‘gfg?rt &a‘b%m‘@ﬂtﬁwas@%%f setipg; lFlngFIé‘“PGr to a wireless
termnlﬂhﬁmﬁmqompmsmgMats of the OFDM synbol s being
usmlgMgtaapmmﬁtyl od fr@ﬂ‘fﬁrtermﬁ)tswml wei habdep,, /P, for

nmet h d co t he steps of rece|V|n
e BB T te PhoRrauhicuve Tallnn smbpts and

diffetcme t@ammssslmant@npm mrﬂteewnbbsm Gertenal, evittbyhePR;iredssd terminal
havifS8 pUhRE @ﬂ@@bbﬁ%@ﬁ%l? Va ﬁﬁ%ﬁiofﬂi Ccﬁttfﬂrﬁ%ﬂfss&ﬁpggﬁ set of the

OFDAE LRy N bl Ry LD o D
Energy tPler ﬂ?teeouﬂ:tal Bleafent IQEPREalfpbmr dasign&PBE the RS |G€EDHDBEnbols

2, , kelRPthePPRE f)b‘@ef hés$dnededn e ARSRY OFDNI&FRIMOSs, Bl n% being
denot ed by assi gni ng equal EPRE rati 0s anohg

the RS pasreer su Cflﬁlefaéléldur ce elements in the OFDM synbol s
tr@m%mg]gthdweassmdemméﬁs%@-@dbs ratidsh R heé Pratdml of, , /Py

ex 11 S’ dati EPRE to pilot EPRE (T2P) anpng the second

PUglk 341088 knt s bei ng denoted by pB, with the

ratio of p8 to PA being determined in dependence upon

onB9 OA ®ir8REY tegindidl Gn RRO6AMRIBEatITh sydfh ae sigd:atic
+ ﬁ\&%ﬂgﬁﬁf%ﬁ \é?d’rﬁgagéﬁ%rgﬁgi&gnbeéﬁo%% csr c%aai‘ uelat/mg lt_rﬁﬁe ic-to-pilot
ratloqa@iﬁsan d e}Eme & RRP Mgy icheme between a plurality of overhead signals,
and a plurality of reference signal (RS) overhead ratios and the plurality of T2P
calculation methods;

at least one antenna receiving an overhead signal and a certain traffic-to-pilot
ratio P,/ Py, with the wireless terminal having a plurality of OFDM symbols

available for data transmission, a subset of the OFDM symbols being used for
transmitting reference signals, P,, being the Energy Per Resource Element (EPRE)
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power assigned on the non-RS OFDM symbols, and P, being the RS power per
subcarrier; and
a power setting unit calculating the traffic-to-pilot ratios according to a

transmission antennas configuration in dependence upon the received traffic-to-pilot
ratio By, /P , and the RS overhead ratio and the T2P calculation method

corresponding to the RS overhead signal.

20. A method for allocating transmit power at a wireless terminal,

the wireless terminal having a plurality of OFDM symbols available for
transmission, and a subset of the OFDM symbols being used for transmitting
reference signals, with the method comprising the steps of:

receiving a semi-static parameter from a broadcast channel, with the semi-
static parameter being denoted by P, ; and

assigning equal Energy Per Resource Element (EPRE) ratios among a first set
of resource elements in the OFDM symbols not transmitting the reference signals,
with the ratio of the traffic data EPRE to pilot EPRE (T2P) among the first set of
resource elements being denoted by p,;

assigning equal EPRE ratios among a second set of resource elements in the
OFDM symbols transmitting the reference signals, with the ratio of traffic data

EPRE to pilot EPRE (T2P) among the second set of resource elements being denoted
by p,, with the ratio of p, to p, being determined in dependence upon one of a

semi-static parameter P, and a semi-static pilot power overhead parameter, 77, ,
based on the following table:

Tes Py/ py (or %/ﬁ
PB RS RS
One  Antenna | Two and Four Antenna
Port Ports
1/6 0 1 5/4
1/3 1 4/5 1
3/6 2 3/5 3/4
4/6 3 2/5 1/2




