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LOW COMPLEXITY LINK ADAPTATION
FOR LTE/LTE-A UPLINK WITH A TURBO RECEIVER

[0001] This application claims the benefit of the following U.S. Provisional Application
No. 61/383,378, entitled, “ Low complexity link adaptation for LTE/LTE-A uplink with a turbo

receiver”, filed September 16, 2010, of which the contents is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to broadband and wireless
communications and more particularly to link adaptation for LTE/LTE-A uplink with a turbo
receiver.

[0003] Closed-loop link adaptation enabled by adaptive modulation and coding scheme
(MCS), rank adaptation and precoding matrix index (PMI) selection are known to be an effective
technique to further enhance the performance of wireless systems with multiple antennas. For
the systems with linear multiple input multiple output (MIMO) receivers, a post-processing
signal-to-interference-plus-noise-ratio (SINR) of the equivalent scalar additive white Gaussian
noise (AWGN) channel is available. MCS assignment and PMI/Rank selection can easily be
done based on this effective post-processing SINR. However, the rate adaption (MCS
assignment), rank adaptation and PMI selection for the systems equipped with non-linear
receivers such as turbo MMSE-SIC (minimum mean square error — successive interference
cancelation) is non-trivial since there is no explicit effective SINR expression for the turbo SIC
output. The potential gains enabled by advanced receivers cannot be realized if the post-

processing SINRs assuming linear MIMO receivers are used for closed-loop link adaptation.

[0004] One simple but conservative rate adaptation scheme is to determine MCS, PMI
and rank based on linear minimum mean square error (MMSE) SINRs. This method is simple

but too conservative to sufficiently claim the performance gain provided by advanced receivers.

[0005] In another prior disclosed technique, a Gaussian approximation method is
proposed to predict iterative turbo MMSE-SIC performance. This method assumes that the

residual interference seen by each distinct codeword after soft-cancelation at each iteration is



WO 2012/037480 PCT/US2011/051970

independent and Gaussian. Further, it relies on a one-dimensional look-up table (LUT) to
compute the variance of this residual interference. The effective SINR can then be analytically
computed based on the channel realization and the residual interference variance. However, for
this method a big mismatch between the predicted performance and actual performance is
observed. In addition, the rate assignment has very high complexity and low flexibility since the

MCS assignments for different codewords are coupled.

[0006] Accordingly, there is a need for improved adaptation for an LTE/LTE-A uplink in

a wireless communication system.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention is directed to a low complexity and efficient closed-loop
link adaptation scheme including rate assignment, rank adaptation and PMI selection for the long
term evolution/long term evolution-advanced (LTE/LTE-A) uplink equipped with the advanced
turbo SIC receivers.

[0008] An inventive method for link adaptation for an LTE/LTE-A uplink with a turbo
SIC receiver includes the steps of determining a precoding matrix index PMI and rank index RI
selection for an LTE/LTE-A uplink when precoding of the uplink is enabled, responsive to
channel state information of a subcarrier in the uplink; determining a decoding order for
codewords in the uplink 1) when the precoding of the uplink is not enabled and i1) if needed when
the precoding of the uplink is enabled; performing modulation and coding scheme MCS
assignment for the uplink based on a hard decision successive interference cancellation SIC rule
(without intra-CW cancellation) or a partial hard decision successive interference cancellation
SIC rule (with intra-CW cancellation), responsive to the determined PMI and RI selection; and
influencing data transmission in the uplink responsive to the MCS assignment for detection by a

turbo SIC receiver.

[0009] In an exemplary embodiment of the invention, the inventive method for link
adaptation for an LTE/LTE-A uplink with a turbo SIC receiver 1) determining a precoding matrix
index PMI and rank index RI selection for an LTE/LTE-A uplink when precoding of the uplink
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is enabled, responsive to channel state information of a subcarrier in the uplink, the PMI and RI
being determinable for both sub-band precoding and wideband precoding with codeword
decoding being jointly determinable with PMI and RI selection; ii) determining a decoding order
for codewords in the uplink a) when the precoding of the uplink is not enabled and b) if needed
when said precoding of said uplink is enabled, responsive to step 1), the decoding order being one
of enforced from an upper layer by a scheduler or determined on-the-fly, in case of a
proportional fairness the scheduler an ordering being to set the decoding order as a reverse order
of weights of the proportional fairness or the decoding order being jointly determined with the
determining of the PMI and rank selection; iii) selecting modulation and coding scheme MCS
indices on the uplink according to a hard decision successive interference cancellation signal-to-
interference-noise-ratio SIC SINR or a partial hard decision SIC SINR, responsive to step ii), for
a codeword in the uplink decoded first, said MCS being assigned according to its minimum mean
square error MMSE-SINR and for a codeword decoded second, the MCS index being assigned
according to its single-user SINR; and iv) conveying the MCS indices to scheduling at a base

station of the uplink for being applied to data transmission in the uplink.

[0001] These and other advantages of the invention will be apparent to those of ordinary

skill in the art by reference to the following detailed description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1 depicts an exemplary (turbo successive interference cancellation) turbo-

SIC receiver for a two-codeword uplink, in which the present invention can be employed;

[0003] FIG. 2 is a flow diagram of a low complexity link adaptation for LTE/LTE-A
uplink, exemplarily shown as applied to a two-stream codeword turbo receiver, in accordance

with the invention,;

[0004] FIG. 3 is a diagram of codeword-to-layer mapping for uplink precoding in the

case of two codewords and two layers, in accordance with the invention;
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[0005] FIG. 4 is diagram of codeword-to-layer mapping for uplink precoding in the case

of two codewords and three layers, in accordance with the invention;

[0006] FIG. 5 is a diagram of codeword-to-layer mapping for uplink precoding in the

case of two codewords and four layers, in accordance with the invention;

[0007] FIG. 6 shows TABLES 1, 2 and 3 for layer dependent vectors settings for ranks

R=2, R=3 and R=4, respectively, in accordance with the invention; and

[0008] FIG. 7 shows TABLE 4 SINR thresholds for MCS selection based on AWGN

performance, in accordance with the invention.

DETAILED DESCRIPTION

[0001] The present invention is directed to a low complexity and efficient closed-loop
link adaptation scheme including rate assignment, rank adaptation and PMI selection for the
long term evolution/long term evolution-advanced (LTE/LTE-A) uplink equipped with the

advanced turbo SIC receivers.

[0002] The inventive technique takes into account the effect of the SIC receiver and
resorts to the SINRs corresponding to an ordered hard-decision SIC receiver. For instance, in an
uplink with two users/codewords, for the user/codeword decoded first, an MCS is assigned
according to its MMSE-SINR (subject to a target block error rate (BLER) constraint). For the
user codeword decoded second, the MCS is assigned according to its single-user SINR (i.e., the
SINR computed after assuming perfect cancelation of the codeword transmitted by the other
user). Both SINRs can be computed using closed-form expressions that depend on the estimates
of the users' instantaneous channel states, their transmit powers and the noise variance. The
inventive technique can be extended to the system with more than 2 users/codewords. Similarly,

PMI and rank indication (RI) are determined based on the ordered hard-decision SIC receiver.

1. Turbo SIC Receiver
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[0009] As shown in Fig. 1, the principal operation of the turbo SIC receiver is an iterative
process, in which feedback information such as the estimated symbol mean (¥ ) and variance ()
obtained from the soft output of the decoder is incorporated into the equalization process. In that
way, the performance is improved through an iterative exchange of extrinsic information
between the equalizer and the decoder. The iterative process is configured to reduce the inter-
symbol interference (ISI), multi-stream interference, and noise. The invention is a low-
complexity rate adaptation technique for a system with a turbo-SIC multiple-input multiple-

output MIMO receiver, such as the exemplary configuration shown in FIG. 1.

2. Link Adaptation for LTE/LTE-A Uplink with a Turbo SIC MIMO Receiver
[0010] The inventive link adaptation is based on a discrete Fourier transform-spread-
orthogonal frequency division multiplexing (DFT-Spread-OFDM). As an illustrative example,
the link adaptation flow for two-codeword uplink transmission is shown in FIG. 2. The inventive
technique can be applied to a system with two single-stream user equipments UEs (multi-user
single-input-multi-output: MU SIMO) in an LTE uplink or a single user (SU)-MIMO system
with two-codeword transmission in LTE-A uplink. Note that the inventive technique can also be

applied to OFDM-based systems and be extended to the case with more than two codewords

(CW).

[0011] First 201, channel state information (CSI) of the m-th subcarrier H,, is obtained.
For the LTE uplink, each CW spans one DFT block (M tones per block) and multiple OFDM

symbols.

[0012] Second, the CW decoding order 206 can be enforced from an upper layer by the
scheduler or determined on-the-fly. In the case of proportional fairness (PF) scheduler, a
practical ordering is to set the decoding order as the reverse order of the PF weights (for
example, the codeword with the lowest PF weight is decoded first and so on). Otherwise, the CW

decoding order can be jointly determined with PMI/RI selection.

[0013] Third, when the uplink precoding is activated such as in the case of SU-MIMO,
the precoding matrix index (PMI) and rank index (RI) can be determined 202-205 for both sub-
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band precoding and wideband precoding, as given in the discussion below (3. Rank and PMI
Selection). The CW decoding order can also be optimized in this step based on weighted sum

layer capacity.

[0014] Next, MMSE SINR ¥mse for the 1 decoded CW and SU_SINR y,,, for the 2™
decoded CW are computed respectively, as presented below (4. Rate Matching).

[0015] Lastly, MCS selection 207-210 is performed according to the hard-decision SIC
SINRs. Specifically, for the user /CW decoded first, MCS is assigned according to its MMSE-
SINR (subject to a target BLER constraint) 207, 208. For the user/CW decoded second, MCS is
assigned according to its single-user SINR (i.e., the SINR computed after assuming perfect

cancelation of the codeword transmitted by the other user) 209, 210.

[0016] After the MCS indices are chosen for both UEs, the MCS indices shall be
conveyed to the scheduling module at the Base Station/eNodeB 211 and applied to the regular

data transmission 212.

[0017] At the receiver, turbo—SIC reception is performed 213, as shown in FIG. 1.

3. Rank and PMI Selection

[0018] In the case that uplink precoding is enabled, a codeword-to-layer mapping
operation is needed before the precoding. Shown in FIGURES 3, 4 and 5 are illustrations of

typical rules for two CWs and up to four layers mapping.

3.1 Narrowband (sub-band) Precoding

[0019] For a sub-band comprising of a few contiguous tones, the precoding matrix index
(PMI) for any given rank R (equal to the number of transmission layers) can be selected by

considering the centre tone in the sub-band ( say the m-th tone) as
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[0020] Here{ ™4} are the equivalent channel vectors weighted by a layer-dependent

B3, vector indicating the turbo SIC effect, i.c.,
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94 is the r-th column of the selected g-th precoding matrix Glg) = [Qfﬁ:!l ----- 9q

Q denotes the size of the codebook (which can be rank-specific). And B0 is the Jj-th element
of the 3+ vector associated with the r-th layer, which is defined in Tables 1-3, shown in FIG. 6.
When the turbo SIC receiver is abstracted by a hard-decision SIC (without intra-CW
cancellation), the intra-CW error variance is set to a hard value 1 (f; = 1); When the turbo SIC
receiver is abstracted by a partial hard-decision SIC (with intra-CW cancellation), the intra-CW
error variance [, can be adjusted to a soft value (between 0 and 1) that characterizes inter-CW
cancellation effect. f, can be determined via offline simulation and a typical example is

B, = 0.15.

[0021] Note that HmG(q):[ngf;), ..... JH g™ is the effective precoded channel

q

matrix associated with the g-th precoding matrix and the m-th tone. Note that the r-th layer is
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associated with the r-th column of the effective precoded channel matrix. The role of the a,
vector associated with the r-th layer is to ensure that when computing the pre-DFT SINR

SN RO . . .
SINE, %, the columns of the effective precoded channel matrix H, G(g)that are associated

with the layers mapped to the other codeword (i.e., the one to which the -th layer is not mapped)
only appear in the argument of the inverse operation if the assumed or given decoding order
specifies decoding the codeword to which the r-th layer is mapped first. Furthermore, all

columns of the effective precoded channel matrix H, G(g) other than the r-th column that are

associated with the codeword to which the r-th layer is mapped, appear in the argument of the
inverse operation.
[0022] For any given rank R, a weighted sum rate metric * (F] assuming optimized

sub-band PMIs can be defined as

o~
o~
P
Lt
-
A

wirtlog, (i + SIN R

where SINRY? s the post-DFT SINR of the r-th layer given by

A7)
SINRY) = "f"ﬁ"m

0 B
"’ can be computed based on the optimized sub-band PMIs {q?’?’l} obtained above and is
given by

AN,
M =1 o

f i
et T !t i+ E s
S

The optimized rank index is thus obtained by

RI = arg rax e f),
RI =arg max ol
- N b

RBelt. R

i .
where Fsnue denotes the maximum supported rank.
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[0023] Based on the hard-decision SIC rule, the layer dependent 8. vector is defined in
below tables for different ranks and decoding orders of the two CWs. r corresponds to the

current layer under consideration.

[0024] Notice that the PMI and RI obtained above assumes a given decoding order. If the
decoding order is not enforced by upper layer, the final CW decoding order (and corresponding
optimal PMlIs and RI) can be determined by selecting the order which gives highest optimized

weighted sum layer capacity.

3.2 Wideband Precoding

[0025] In the case of wideband precoding, the same precoding matrix is applied to all
sub-bands.

The wideband precoding matrix for R-layer transmission can be selected as

R .
PMT =arg nn 23 N7 sirilog, { 1+ 57 ;?'\*"Ri,"‘\-") ,

';'b[1 ]7,:1

where the wideband post-DFT SINR SINR b for the r-th layer upon selecting the g-th

precoding matrix is given by

STN _[: (v} .. ¥ —
AN
and »"? can be obtained as
1 Af . l B . -t
ol = A Zi ul:; g | (I | \_‘“ ) " i "}‘) u‘,'q
=1 —1

[0026] The rank index selection for wideband precoding is same as that obtained in

narrowband precoding case except that the ¥ Ys computed based on the optimized wideband
PMI.
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[0027] Similarly, the wideband PMI and RI obtained here assumes a given decoding
order. If further optimization over decoding order is possible, the final CW decoding order (and
corresponding optimal PMI and RI) can be determined by selecting the order which gives highest

optimized weighted sum layer capacity.

4. Rate Matching
4.1 Obtaining Per Codeword SINR

[0028] After per layer SINR SINRM is obtained for all layers r=[1, R] based on the
selected PMI and RI, per codeword SINR shall be calculated for MCS assignment per
stream/CW. Notice that if uplink precoding is not applied, the per layer SINR calculation in

HEa

Section 3 is still valid by setting 9¢  to be a binary column vector with the 7-th entry being 1

and all other entries being 0.

[0029] For R=2 (2-layer) transmission, per codeword SINR is equal to per layer SINR
because of the one-to-one mapping and it is given by

FoN
{9

e
A".{ ...\\N\ [ {t\r ===t ] Gy "
ot

where &'’ ) is explained in Section 3 for both narrowband and wideband precoding.

g e gl )
[0030] For R > 2, per layer SINR is obtained as SIN BA{‘] ’. Per codeword SINR can

be obtained based on the applied codeword-to-layer mapping rule. MIESM based method is

used when SINR combining is needed. For example, layer 2 and layer 3 SINR can be combined

to obtain CW2 SINR for R=3.

[0031] Note that by applying the 331 vectors in TABLES 1-3 designed according to the
hard-decision SIC rule (with intra-CW error variance set to hard value 1, i.e. §; = 1) or partial

hard-decision SIC rule (with intra-CW error variance [, set to soft value), we obtain MMSE

SINR y(l) for the first decoded CW and SU SINR ys(i) for the second decoded CW.

mmse

10
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[0032] The final CW SINRs y,;l,ilse and ys(i) are used to determine MCS for each
codeword.

4.2 MCS Assignment

[0033] The proposed MCS selection for the uplink with Turbo SIC receiver is performed

according to the following criteria.

[0034] For the 1* decoded CW/UE, choose the largest MCS index i* that MMSE SINR

yéllglse can support, Le.

M =max i sk A STNRG (0,

Pmnas T

[0035] For the 2™ decoded CW/UE, choose the largest MCS index j* that SU SINR ys(i)
can support, i.¢.

where SINR,,1 and SINRy,, are respectively SINR threshold vectors for UE 1°s and UE 2’s
MCS assignment.

5. SINR Threshold design for MCS assignment

[0036] We obtain two SINR threshold vectors ( SINR;; and SINR;y,) for the MCS
assignment as listed in TABLE 4, sown in FIG. 7. SINR, (i) is the minimum SINR level
that ensures a target block error rate BLER = 0.1 (over the scalar additive white Gaussian noise
AWGN channel) for the MCS with index i.  SINRg,» (i) denotes the SINR value at the
transition point such that the MCS of index i maximizes the effective throughput Rpr(1 —

BLER) for all SINRs in the range of [ SINR 2 (), SINR 2 (i + 1)].

6. Extension to MU-MIMO case

11
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[0037] The proposed link adaption scheme can be directly applied to a system with
multiple UEs, where each UE can have multiple streams. The extended system can be viewed as a
virtual SU-MIMO system with a larger number of layers and codewords and expanded rank-
specific codebooks. Specifically, the per layer SINR computation based on hard-decision SIC rule,
PMI and RI selection based on maximizing weighted sum layer capacity, codeword ordering, per
codeword SINR combing based on MIESM, and rate matching based on SINR thresholds can be

done in the same way as presented above for this virtual SU-MIMO system.

[0038] From the foregoing, it can also be appreciated that the inventive link adaptation is
superior to prior works heretofore. The proposed link adaptation scheme exploits the turbo SIC
decoding performance by being conservative in assigning MCS to the 1% decoded UE and
aggressive in assigning MCS to the 2™ decoded UE. The inventive link adaptation determines the
PMI and rank by taking into account the turbo SIC receiver performance. The inventive rate
adaptation decouples the MCS assignment for the two co-scheduled UEs. Thus, it can be easily
scaled to the case when more than two UEs can be co-scheduled. The inventive rate adaptation can
be casily extended to the scenario that allows partially overlapped resource allocation. For

example, such a situation may exist in LTE-A uplink.

[0039] Additional advantages and benfits of the inventive link adaptation (including
MCS selection, rank adaptation and PMI selection) includes: 1) the inventive link adaptation
scheme results in higher spectrum efficiency performance for the system with turbo SIC receiver
compared to other existing methods; 2) the inventive link adaptation has low complexity; 3) The
proposed algorithm accurately captures and predicts the turbo SIC performance.; 4) the inventive
link adaptation can use any ordering rule; 5) the inventive adaptation is scalable to the case
when more than two UEs can be co-scheduled; and 6) inventive adaptation can be casily
extended to the scenario that allows partially overlapped resource allocation. For example, such
situation may exist in LTE-A uplink; and 7) the inventive rate adaptation has theoretically

optimal properties for the frequency flat channel.

[0040] The foregoing is to be understood as being in every respect illustrative and

exemplary, but not restrictive, and the scope of the invention disclosed herein is not to be

12
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determined from the Detailed Description, but rather from the claims as interpreted according to
the full breadth permitted by the patent laws. It is to be understood that the embodiments shown
and described herein are only illustrative of the principles of the present invention and that those
skilled in the art may implement various modifications without departing from the scope and
spirit of the invention. Those skilled in the art could implement various other feature

combinations without departing from the scope and spirit of the invention.

13
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CLAIMS:

1. A method for link adaptation for an LTE/LTE-A uplink with a turbo SIC receiver, said
method comprising the steps of:

determining a precoding matrix index PMI and rank index RI selection for an LTE/LTE-
A uplink when precoding of said uplink is enabled, responsive to channel state information of a
subcarrier in said uplink;

determining a decoding order for codewords in said uplink 1) when said precoding of said
uplink is not enabled and ii) if needed when said precoding of said uplink is enabled;

performing modulation and coding scheme MCS assignment for said uplink based on a
hard decision successive interference cancellation SIC rule without intra-codeword CW
cancelation) or a partial hard decision SIC rule with intra-CW cancellation, responsive to said
determined PMI and RI selection; and

influencing data transmission in said uplink for detection by a turbo successive

interference cancellation SIC receiver, responsive to said MCS assignment.

2. The method of claim 1, wherein said determining a PMI and RI selection comprises a
per-layer signal-to-noise-interference-ratio SINR determination for finding a PMI for each

respective rank of said RI.

3. The method of claim 1, wherein said performing MCS assignment on said uplink
comprising determining a linear minimum mean-square error LMMSE for a first decoded
codeword in said uplink influencing said MCS for said first decoded codeword and determining
a secondary user SINR for a second decoded codeword in said uplink for influencing said MCS

for said second decoded codeword.

4. The method of claim 1, wherein said rank index RI is optimized according to
RI=wrg  max  v{R}, ol R
Helt Finael where R is a given rank, Mt g a weighted sum metric

assuming sub-band PMIs and R, denotes a maximum supported rank.
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5. The method of claim 4, wherein said weighted sum metric comprises
f{i‘ - .
el RY=S@lrilogy (14 SINRTY

L

r=1 " where SINRYY isa post-discrete Fourier

transform DFT SINR of an r-th layer and {7} denotes a layer-dependent weighting factor.

6. The method of claim 1, wherein for a wideband said precoding a wideband precoding

matrix index PMI for R-layer transmission comprises

)
PAMT =wp ma Z wirilog, ( 1+ 87 \'3?”“} ,

gl / . . SEN R0
A5 LR B where R is a given rank, * LN B

denotes a wideband post-DFT SINR for an r-th layer upon selecting a q-th precoding matrix, and

{7} denotes a layer-dependent weighting factor.

7. The method of claim 1, wherein said step of determining a PMI and RI selection
comprises obtaining a per codeword SINR, for a rank R=2 (2-layer) transmission per codeword
SINR being a per layer SINR because of a on-to-one codeword-to-layer mapping relationship
and for a rank R>2, per codeword SINR being obtainable based on a codeword-to-layer mapping

relationship.

8. The method of claim 9, wherein said step of performing modulation and coding scheme
MCS assignment comprises determining a linear minimum square error LMMSE SINR for a first
decoded codeword in said uplink and determining a single user SU SINR for a second decoded

codeword in said uplink.

9. The method of claim 1, wherein said step of performing modulation and coding scheme
MCS assignment for said uplink comprises choosing for a first decoded codeword in said uplink
a largest MCS index i* that a minimum mean square MMSE SINR can support and choosing for

a second decoded codeword in said uplink a largest MCS index j* that SU SINR can support.

15
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10.  The method of claim 9, wherein said largest MCS index i* is given by

R . 13 w ¢ .
C=max sk s 2 STN Ry, ik

FENUYRLS

and said largest MCS index j* is gven by

E 8 :'\] . o T Sy
JP=max § st s o SINFgeeii)h
where SINR,1 and SINR,,, are

respectively SINR threshold vectors for said first decoded codeword and said second decoded

codeword respective MCS assignments.

11.  The method of claim 9, said step of performing modulation and coding scheme MCS
assignment for said uplink comprises obtaining two SINR threshold vectors for said MCS
assignment with one SINR threshold vector being a minimum SINR level that ensures a target
BLER = 0.1 for said MCS with a first index and another SINR threshold vector denoting an
SINR value at a transition point such that said MCS with said first index maximizing effective

throughput for all SINRs in a predetermined range.

12. A method for link adaptation for an LTE/LTE-A uplink with a turbo SIC receiver, said
method comprising the steps of:

1) determining a precoding matrix index PMI and rank index RI selection for an
LTE/LTE-A uplink when precoding of said uplink is enabled, responsive to channel state
information of a subcarrier in said uplink, said PMI and RI being determinable for both sub-band
precoding and wideband precoding with codeword decoding being jointly determinable with
PMI and RI selection,;

i) determining a decoding order for codewords in said uplink a) when said precoding of
said uplink is not enabled and b) if needed when said precoding of said uplink is enabled,
responsive to step 1), said decoding order being one of enforced from an upper layer by a
scheduler or determined on-the-fly, in case of a proportional fairness said scheduler an ordering
being to set said decoding order as a reverse order of weights of said proportional fairness or said

decoding order being jointly determined with said determining of said PMI and rank selection;

16
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ii1) selecting modulation and coding scheme MCS indices on said uplink according to a
hard decision successive interference cancellation signal-to-interference-noise-ratio SIC SINR or
a partial hard decision SIC SINR, responsive to step ii), for a codeword in said uplink decoded
first, said MCS being assigned according to its minimum mean square error MMSE-SINR and
for a codeword decoded second, said MCS being assigned according to its single-user SINR; and

iv) conveying said MCS indices to scheduling at a base station of said uplink for being

applied to data transmission in said uplink.
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