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Resource Allocation for Uplink CSI Sensing
Report in Multi-User WLAN Sensing

Yifei Li, Jilei Yan, Yan Longg, Xuming Fang, Rong He

Abstract: Sensing in wireless local area network (WLAN) gains great interests recently. In this

paper we focus on the multi-user WLAN sensing problem under the existing 802.11 standards. Mul-

tiple stations perform sensing with the access point and transmit channel state information (CSI)

report simultaneously on the basis of uplink-orthogonal frequency division multiple access

(OFDMA) . Considering the transmission resource consumed in CSI report and the padding wastage

in OFDMA based CSI report, we optimize the CSI simplification and uplink resource unit (RU)

allocation jointly, aiming to balance the sensing accuracy and padding wastage performances in

WLAN sensing. We propose the minimize padding maximize efficiency (MPME) algorithm to solve

the problem and evaluate the performance of the proposed algorithm through extensive simulations.

Keywords: wireless local area network (WLAN) sensing; channel state information (CSI) simplifi-

cation; padding wastage; resource allocation

1 Introduction

To provide ambient sensing intelligence, sensing
and localization features attract great attentions
in beyond the fifth generation of mobile commu-
nications technology (B5G) / the sixth genera-
tion of mobile communications technology (6G)
communication networks [1]. The integrated
sensing and communication (ISAC) technology
with robust sensing capability is introduced. This
technology merges both sensing and communica-

tion functionalities over a unified waveform and

Manuscript received Oct. 4, 2022; revised Oct. 11, 2022;
accepted Oct. 12, 2022. The associate editor coordinating
the review of this manuscript was Dr. Haijun Zhang. This
work is supported in part by Sichuan Science and Technol-
ogy Program  (Nos. 2022NSFSC0912, 2020YJ0218,
2021YFQO056 and 2022YFG0170), Fundamental Research
Funds for the Central Universities (Nos. 2682021ZTPY051
and 2682021CF019), NSFC (No. 62071393), NSFC High-
Speed Rail Joint Foundation (No. U1834210), and 111
Project 111-2-14.

Yifei Li, Yan Long, Xuming Fang and Rong He are with
the Key Laboratory of Information Coding and Transmis-
sion, Southwest Jiaotong University, Chengdu 611756,
China.

Jilei Yan is with the 54th Research Institute of CETC,
Shijiazhuang 050002, China.

X Corresponding author. Email: yanlong@swjtu.edu.cn

DOLI: 10.15918/j.jbit1004-0579.2022.110

device, and thus greatly improves the spectrum
efficiency and decreases the hardware cost [2].

Besides B5G/6G cellular network, the wire-
less local area network (WLAN) based on Insti-
tute of FElectrical and Electronics Engineers
(IEEE) 802.11 standards also plays a significant
role for user communications due to its ubiqui-
tous and low-cost broadband wireless Internet
access [3,4]. With the evolution of WLANS, inte-
grating the sensing services with WLAN commu-
nications is also a hot topic recently. The IEEE
802.11bf task group, established in the year of
2020, aims to provide standard for WLAN
devices with sensing capability. Under WLAN
sensing, the access point (AP) and stations
(STAs) in a WLAN could use the WLAN sig-
nals to perform sensing for surrounding environ-
ments. This enables a wide range of new applica-
tions for the future WLANSs, such as activities
recognition, presence detection, healthcare and
target localization both in indoor and outdoor
environments [5,6].

One method for WLAN sensing in 802.11bf
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is based on the channel state information (CSI).
Specifically, devices could obtain the CSI infor-
mation from the received communication frames.
The CSI denotes the wireless characteristics of
the signal propagation, and thus indicates the full
environmental information around transceivers.
As a result, devices could extract the sensing
result through measuring and analyzing the fea-
tures of received and reported CSI frames [7].
However, there are following two difficulties
when implementing the CSI-based sensing in
WLANS.

1) CSI simplification for sensing report

According to 802.11ax [8], which is the lat-
est commercial WLAN standard, orthogonal fre-
quency division multiple access (OFDMA) is
introduced, where multiple subcarriers are uti-
lized for transmissions. CSI frame denotes the
channel state for each subcarrier, and reporting
the raw CSI information consumes too much
transmission resource. Therefore, rather than
transmitting raw CSI directly, the quantization
and grouping of CSI is utilized when devices send
CSI frames during a CSI reporting phase in
WLANs. However, the simplified CSI may cause
information loss and decrease sensing accuracy.
Hence, the key problem behind such simplifica-
tion is to balance the performance between sens-
ing accuracy and transmission cost in WLAN
sensing.

2) Padding wastage in uplink feedback

When the STAs transmit CSI to AP, they
should follow the uplink transmission rules in
legacy WLAN standards. According to 802.11ax
with OFDMA, all the subcarriers are divided into
multiple groups. Each group is referred to as a
resource unit (RU), and is allocated to a user
based on its transmission requirements and chan-
nel conditions. Moreover, to mitigate wireless
interference, padding is exploited in 802.11ax
when performing OFDMA-based uplink transmis-

sions. Specifically, all the transmissions from

multiple STAs inside one OFDMA frame must
start and end both simultaneously. To align the
ending time, when an STA finishes its data
transmission, it should continue to fill null bits
(i.e., padding) until the ends of other transmis-
sions. Obviously, this padding is a wastage of
resource. Thus, the key problem behind uplink
CSI reporting is a proper RU allocation scheme
to reduce padding wastage.

The above observations motivate us to study
the CSI simplification and resource allocation
problems in WLAN sensing. Generally speaking,
in this paper, we focus on the CSI based multi-
user WLAN sensing problem, where multiple
STAs perform sensing with AP and they trans-
mit CSI reporting simultaneously on the basis of
uplink-OFDMA.

Through analyzing the size of CSI frame and
the OFDMA-based uplink CSI reporting proce-
dure, we optimize the CSI simplification prob-
lem and uplink RU allocation problem jointly. To
be specific, for the CSI simplification aspect, we
optimize the quantization and grouping parame-
ters, which control the CSI frame size and influ-
ence the sensing accuracy. Meanwhile, for the
resource allocation aspect, the CSI size and RU
allocation both determine the padding results
and influence the reporting efficiency.

Therefore, we formulate this resource alloca-
tion problem in WLAN sensing, through optimiz-
ing the quantization /grouping and RU alloca-
trade-off

between sensing accuracy and padding wastage.

tion schemes, and balancing the
Moreover, to solve the problem, we propose the
minimize padding maximize efficiency (MPME)
algorithm to maximize the reporting efficiency
and improve the performance of WLAN sensing

systems.

2 Related Work

Recently, research on WLAN sensing has gotten
more attention. Wu et al. in [9] proposed a Fres-

nel zone model, which can solve both pattern-
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based and model-based recognition problem. It is
a generic model with great potential for device-
free human sensing using fine-grained WLAN
CSI. Liu et al. in [10] developed an algorithm
that makes use of the channel information in
both time and frequency domain to estimate
breathing and heart rates. Pu et al. in [11] pre-
sented a novel gesture recognition system that
leverages wireless signals to enable whole-home
sensing and recognition of human gestures. How-
ever, these studies mainly focused on the utiliza-
tion of sensing measurement with WLAN signal,
without considering that how the measured sens-
ing data were transmitted under WLANS.

On the other hand, considering the data
transmission in WLANSs, since the
OFDMA was added to 802.11ax, there have been

a lot of studies about it.

uplink-

In a majority of
researches, they focused on maximizing transmis-
sion rate or throughput with resource allocation.
Wang et al. in [12] investigated a novel, division-
based and resolution-based algorithm to opti-
mally assign users and user groups to subcarriers
with the target of maximizing the user sum rate.
They also introduced two practical algorithms, a
greedy one and a recursive one, which jointly
divide the bandwidth into RUs and schedule
users on RUs. Specially, Filoso et al. in [13] pro-
posed an innovative RU allocation scheduler
comprising a closed-loop feedback controller who
can consider both priority and fairness in
OFDMA scheduling with the proportional gain.
Dutta et al. in [14] focused on minimizing the
maximum transmission duration, and came up
with a generic framework Min Max Resource
Unit Allocation (MMRU-ALLOC) to assign RUs
to clients. Karaca et al. in [15] paid attention to
the padding problem during scheduling, and pro-
posed a dynamic-presentation protocol data unit
(PPDU) algorithm in which the scheduling dura-
tion is dynamically confirmed in a resource allo-
cation framework by considering the padding

overhead, airtime fairness and energy consump-

tion of the users. Although these works studied
the resource allocation under OFDMA, they have
not considered the scheduling under sensing sce-
nario, especially integrated with WLAN trans-

mission rules.

3 System Model

3.1 CSI Quantization and Grouping in WLAN
Sensing
In this subsection, we mainly introduce the pro-
cedure of WLAN sensing defined in 802.11bf. As
shown in Fig. 1, the sensing procedure is com-
posed of the following phases: the sensing session
setup/termination phases, sensing measurement
setup/termination phases and sensing measure-
ment instance phase [16].
Sensing initiator Sensing responder

J \

Sensing session setup

Sensing measurement setup

Sensing measurement instance
Polling

Trigger frame (TF) sounding

Null data packet announcement
(NDPA) sounding

Reporting

\ \
Sensing measurement termination
| |
Sensing session termination

¥ Vv
Fig. 1  WLAN sensing procedure

In sensing session setup phase, a sensing ses-
sion is established between the sensing initiator
and responders. The sensing-related capabilities
associated with this session are exchanged among
AP and STAs. Oppositely, in the sensing session
termination, the session established during this
phase ends at the scheduled time or when the
sensing session termination frame is received.

In sensing measurement setup phase, sens-
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ing initiator and sensing responder exchange and
(e.g.,
sensing roles and measurement report types) of

negotiate on the operational attributes

sensing measurement instances. This sensing
measurement terminates at the scheduled time or
when the sensing measurement termination frame
is received. When the sensing measurement
instances are finished, such termination opera-
tion helps to release the resources for storing
parameters of the measurement instance.

In sensing measurement instance phase,
sensing initiator and responder perform sensing
measurement by transmitting and receiving null
data packet (NDP). It includes four subphases:
polling, trigger frame (TF) sounding, null data
packet announcement (NDPA) sounding and
reporting. In polling subphase, AP confirms the

availability of STAs for sensing sounding. In TF

sounding subphase, AP transmits a TF, and the
STA responds an NDP to AP for CSI measure-
ment. Similarly, in NDPA sounding subphase,
AP transmits an NDPA frame and an NDP to
measure CSI. Finally, in reporting subphase,
STAs report CSI frame and AP performs sensing
measurement based on the CSI frame. According
to the 802.11ax, when an AP performs sensing
measurement with multiple STAs at the same
time, these STAs will report CSI frames to AP
through the OFDMA-based

uplink transmissions.

simultaneously

The detail of CSI frame is first given in
802.11n [17], and 802.11ax also follows this regu-
lation. According to the definition in 802.11n,
Fig. 2 illustrates the detail format of CSI report
field in a CSI frame.

) Multi-user (MU)-
Trigger Short interframe space acknowledgement
AP <«SIFS» <«SIFS» (ACK) ‘
Frequency A RU1 | Padding Time
STA A —
Time
RU2
STAB >
Time
RU3 | Padding
STAC >
Time
STAD RU4 | Padding _
Time

Fig. 2 UL-OFDMA transmission procedure in existing WLANSs

As shown in Tab. 1, the data size of CSI

matrix for a subcarrier is
3+ 2N,N.N, (1)

where N, denotes the number of bits of quan-
tized CSI. In-phase and quadrature components
of each element in the CSI matrix are scaled and
quantified to N, bits. The value of N, is different
under various quantization methods, and the typ-

ical values are 4, 5, 6 and 8. N, is the number of

transmitter antennas and N, is the number of
receiver antennas. Moreover, as mentioned in
802.11n standard [17], 2 represents the in-phase
and quadrature components and the carrier
matrix amplitude is 3 bits. Furthermore, since
CSI is measured over each subcarrier under
OFDMA mode, the size of CSI information is
large due to a great many subcarriers. To reduce

the CSI transmission cost, CSI matrix grouping
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method is adopted through grouping the CSI
information over multiple adjacent subcarriers.
That is, each N, adjacent subcarriers become a
group and each group reports only one CSI
matrix. N, is the number of carriers grouped into

one.

Tab.1 Number of matrices and carrier grouping

Field Size (bits)
Signal-to-noise
ratio (SNR) in 8

receive chain 1

Meaning

Signal-to-noise ratio in the first
receive chain of the STA sending

the report

X . Signal-to-noise ratio in the N, th
SNR in receive

. 8 receive chain of the STA sending
chain N,
the report
CSI matrix for
34+2N,N_N, CSI matrix

carrier-28

CSI matrix for

. 3+2N,N.N, CSI matrix
carrier-1
CSI matrix for .
) 34+2N,N_N, CSI matrix
carrier 1
CSI matrix for
34+2N,N,N, CSI matrix

carrier 28

As a result, the size of the CSI report field

can be calculated as
8N, + N, (34 2N,N.N,) 2

where N, is the total number of the groups. The
relationship between N, and N, is shown in
Tab. 2. In summary, the size of CSI frame can be
changed base on the value of N, and N,, and uti-
lizing CSI quantization and grouping makes the

sensing reporting more flexible.

Tab. 2 Number of matrices and carrier grouping

Bandwidth Number of carriers Number of
(MHz) grouped into one (NV,) subcarriers sent (N.)

4 64

20
16 20
4 122

40
16 32

3.2 OFDMA-Based Multi-User Uplink CSI Feed-
back
In this subsection, we briefly summarize the main

characteristics of multi-user (MU) transmission

in 802.11ax. In comparison with previous stan-
dards, 802.11ax expands the multi-user capabili-
ties through exploiting OFDMA transmissions.
The AP allocates the RU (i.e., a set of subcarri-
ers) to an STA for its uplink (UL) transmission.
Ranging from 26 tones (26 subcarriers) to 2x996
tones, the size of an RU depends on the specific
spectrum bandwidth in WLANSs.

Meanwhile, in order to avoid interference
among overlapping basic service sets (OBSSs)
and keep low-complexity synchronization design
in WLANSs, 802.11ax requires that multiple ST As
under UL-OFDMA transmissions should obey the
same scheduling duration that they should
start /end their transmissions at the same time.
To this end, the STAs with insufficient data will
fill in the duration by transmitting padding bits.
This padding in return results in the transmis-
sion efficiency reduction due to the wastage on
transmission energy, spectrum and time resour-
ces.

Fig. 2 depicts the UL-OFDMA transmission
procedure in existing WLANs. Assume channel
bandwidth is 20 MHz. There are totally 4 RUs,
and each RU contains 52 tones. The AP sched-
ules the UL transmissions among STAs via a
trigger frame. The trigger frame indicates the
start of following UL transmissions phase and
instructs the RUs allocation information for
STAs. It can be found that all the transmissions
align their end time, and the A, C and D STAs
fill in different sizes of padding bits after finish-

ing their data transmissions.

3.3 Resource Allocation Problem Formulation
From the analysis above, we can observe that the
length of padding is directly impacted by the
data size of transmission packets and the RU
allocation results.

Furthermore, the packet data size is decided
by the CSI reporting frame in WLAN sensing,
which is related to the quantization and group-
ing parameters in subsection 3.1. Then the CSI is
transmitted over UL-OFDMA with RUs, which
is allocated in subsection 3.2. As a result, we
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optimize these two aspects in this subsection.
The CSI simplification problem and uplink RU
allocation problem are considered together. To
balance the performance between sensing accu-
racy and padding wastage, we pursue the report-
ing efficiency maximization, under the cons-
traints of padding wastage and transmission rate.
The details of the resource allocation problem
formulation in WLAN sensing are as follows.

For a multi-user WLAN sensing scenario,
the number of STAs is n, and each STA has dif-
(SNR) S = {s,
Say..-y8n}. According to n, the set of RUs is
R={r,ry,...,7,}.We refer to 6, , as an RU allo-
cation parameter, where 6,, € {0,1}.When STA i
is allocated to RU r , 6,, =1, else 6, , = 0. Based

on the Shannon’s formula, we have

ferent signal-to-noise ratio

Vir = Brlogz(l + S’iﬂ")eie’" (3>

where v, , is the transmission rate of STA i over
RU r. B, represents the bandwidth of RU r, and
s;.» is the SNR of STA ¢ over RU r. The trans-
mission rate of STA i varies with the assigned
RU.

With different quantization/grouping sche-
me, there are 8 different sizes of CSI in the exist-
ing 802.11 standard. The set of CSI is denoted as
C=A{c,c,..

simplification

.,cst. We refer to ¢,; as an CSI
v, €{0,1}.
When STA i transmits CSI packets with data
size ¢, ¢, ; = 1, else ¢, ; = 0. So the CSI data size
of STA i, d, , is

d

parameter, where

=c;p.5,5€1{1,2,3,4,5,6,7,8} 4

2%
where j stands for the number of different CSI
sizes.

The transmission duration of STA i over RU
r with CSI size ¢, is represented as

d

v

o (5

i

Liry =

For a CSI quantization/grouping and RU
allocation scheme, we denote the maximum
transmission duration among all STAs as T,..
The padding time of STA i can be obtained as

pi,'r,j = me —t (6)

Then we define the reporting efficiency as

Y P
Thep = 72? = ¥P)

where n represents the total number of STAs, d,,,
represents the transmitted data size when STA i
is assigned to transmit a CSI packet of size num-
ber jon RU r, which reflects the balance between
sensing accuracy and padding wastage. To be
specific, the molecule represents the size of trans-
mitted CSI packets, and thus reflects the sensing
accuracy. The denominator represents the trans-
mission duration. It consists of two parts, the
actual transmission duration and the padding
time, and thus reflects the padding wastage.

To maximize the reporting efficiency, we
could increase the transmitted CSI data size (i.e.,
the molecule) and meanwhile decrease the trans-
mission duration (i.e., the denominator). To
decrease the transmission duration, the total
padding time should not exceed the padding

wastage constraint. That is

Do s <D P (8)

where the typical value of p,, can be the padding
length when d; ; equals to the minimum CSI size.

Besides, in order to further guarantee the
transmission duration performance, the total
transmission rate should be larger than or equal

to a given transmission rate. That is

Z;l v, = Z:_l Uy (9)

where the typical value of v, can be set t0 v; sg0me
U; 260 18 the transmission rate of STA 4 on a
26tone size RU.

Moreover, for the RU allocation parameter
0., and the CSI simplification parameter ¢, ;, we

also have the following constraints

PP IS (10
Z:;l Z%Zl pi; <1 (11
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Overall, we can formulate this resource allo-

cation problem in WLAN sensing as

Max 1),,, (12)

Subject to

Do s <D P (8)
Zﬂ 1 Virr Z Zn:l Uy 9)

1= i

Zn: Zn: 0. <1 (10)
ST pust (1

To solve this problem, and obtain the CSI
quantization/grouping and RU
schemes for STAs, we design the MPME algo-

rithm in the next section.

assignment

4 MPME Algorithm

In the proposed MPME algorithm, we try to
solve the above optimization problem in two pro-
cedures. The first procedure is to satisfy the con-
straint (9), and we allocate RUs to maximize the
total transmission rate of STAs in a greedy way.
The second procedure is to satisfy the constraint
(8), and we match the appropriate simplified
CSI size for each STA according to the corre-
sponding transmission rate derived in the first

procedure.

4.1 RU Allocation for STAs

In the first procedure, the bandwidth, the num-
ber of STAs, the SNR of each STA, and RU
combinations are given. In the practical applica-
tions, the transmission rate of STAs is indicated
by the modulation and coding scheme (MCS)
value instead of v,, in (3). Thus, for STA i over
RU r, we compare the s, , with the minimum sen-
sitivity requirement of each MCS. Only when s, ,.
is larger than the minimum sensitivity require-
ment, such MCS can be used for the transmis-
sion of STA i over RU r. Among all the satisfied

MCS values, we choose the maximum available

MCS value, which refers to the maximum trans-
mission rate of STA i over RU r.

Through the above processes, the transmis-
sion rate matrix for each STA on different RU
can be derived. Considering that each STA must
be allocated with only one RU, and each RU can
only be allocated to at most one STA, we pick
the maximum value from this matrix, and cancel
the corresponding STA and RU from this matrix.
We continue to select the maximum transmis-
sion rate of the remaining STAs and RUs in this
matrix. Repeat these steps until all STAs are
assigned with RUs. In this way, each STA is allo-
cated with an RU, and its corresponding trans-

mission rate is relatively large.

4.2 CSI Simplification for Each STA

In the second procedure, we match STAs with
proper simplified CSI data size. We form a trans-
mission duration matrix for each STA with dif-
ferent CSI sizes according to the transmission
rate results derived in the first procedure. The
goal is to find out a combination from this
matrix with the minimal duration differences
(i.e., padding) .

To this end, first, we fix CSI data size ¢, for
STA 1, and compare its transmission duration
value with other STAs. We choose the CSI size
for other STAs with the minimal transmission
duration difference compared with that of STA 1.
In this way, we get a combination of transmis-
sion duration on the basis of STA 1 and ¢,. Next,
we fix CSI size ¢, for STA 1. We repeat the
above procedure and get another transmission
duration combination based on STA 1 and c,.
Since there are 8 kinds of CSI sizes, overall, we
get 8 combinations.

For each combination, we could calculate its
report efficiency based on (7). Therefore, to max-
imize the report efficiency, i.e., the objective
function, we choose the combination with the
maximal report efficiency. In this way, finally, we
could determine the appropriate RU allocation
and CSI simplification results for STAs.
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Overall, the detail of MPME algorithm is
shown in Algorithm 1.

Algorithm 1 MPME

Input: The number of STA n, SNR S, RU combination
R.

Output: The RU allocation and CSI simplification results
for STAs.

First procedure:

1: Calculate the maximum available MCS value of each
STA on each RU and record them into matrix V.

2: Record the maximum value of V into array V. and
cancel the corresponding STA and RU from this matrix.
3: Repeat step 2 until V,,, is filled and sort V.. in non-
decreasing order.

Second procedure:

4: Calculate transmission duration of each STA with
each CSI size determine matrix T.

5: Fix CSI size ¢, for STA 1, compare its transmission
duration value with other STAs and choose the CSI size
for other STAs with the minimal transmission duration
difference.

6: Fix CSI size ¢, ¢,..., ¢ for STA 1 in turn and repeat
step 5 until 8 combinations are got.

7: Calculate 7., of each combination and choose the
combination with the maximal reporting efficiency.

8: Return RU allocation and CSI simplification parame-

ters for STAs.

5 Simulation

5.1 CSI Feedback Efficiency

To verify the performance of MPME algorithm
with different numbers of STAs, we simulate it
simultaneously with four other allocation meth-
ods and plot the results by taking 1000 times
averages.

Fig. 3 depicts the reporting efficiency simula-
tion results of five cases: report random size CSI,
report maximum CSI, report median CSI, report
minimum CSI and MPME algorithm. We notice
that the reporting efficiency of only one STA is
the highest, and that 's because there is no

padding wastage in this case and the transmit-

ted data are all valid. As the number of STAs
increases, the padding time grows in order to
unify the transmission duration, so the reporting
efficiency reduces. However, when the number of
STAs continues to increase, with the reported
CSI data that increase, sensing accuracy rises
and the impact of padding wastage on reporting
efficiency is no longer obvious, and the reporting
efficiency has even rebounded. In addition, due to

the calculation method of reporting efficiency

n

(ie., # Yo, di;/T,) and transmission dura-

tiOl’l (i'e'7 ti,r,j = di-,j/vi-,m Tnax:maXti )7 Whel’l

CSI size is fixed, the reporting efficiency 7., =
n minv, . is the same, so that we can find three
lines of fixed CSI that are overlapped. In addi-
tion, in Fig. 3, the random curve with the char-
acteristics of randomness performs sometimes
better than fixed ones, and sometimes worse than
them, but it’s evident that the MPME algorithm
performs better than any other method in the

case of any number of STAs.

—+— MPME
—o— Fixed max CSI
—»— Random CSI
Fixed median CSI
Fixed min CSI

Reporting effciency (10* Kbit-s™)

1 2 3 4 5 6 7 8 9
Number of STAs

Fig. 3 Reporting efficiency under 20 MHz

In the situation under the channel band-
width of 40 MHz, more STAs are assigned at the
same time. As shown in Fig. 4, compared with
the figure at the channel bandwidth of 20 MHz,
the reporting efficiency rebounds more obviously
because the number of STAs is larger, and the
total amount of transmitted data and the valid
data is grown more. Compared with padding
wastage, the improvement of sensing accuracy

has a greater effect on reporting efficiency.

— 531 —



Journal of Beijing Institute of Technology, 2022, Vol. 31, No. 5

—— MPME
—o— Fixed max CSI
—«— Random CSI
Fixed median CSI
Fixed min CSI

—_ —_
(=) W
T T

e
n

Reporting effciency (10° Kbit-s™)

(=]

8 10 12 14 16 18
Number of STAs

S}
N
=N

Fig. 4 Reporting efficiency under 40 MHz

5.2 Average Padding Time

Fig. 5 illustrates average padding times under the
same five cases. When the number of STA is one,
there is no padding, so all curves start at 0. As
the number of STAs increases, the average
padding time rises due to matching the transmis-
sion duration of multiple STAs. And the larger
the data size is, the longer the required transmis-
sion duration and the padding time will be.
Among these five curves, the random curve is
similar to the medium-sized curve due to its ran-
domness, and the MPME curve is the most sta-
ble one with the least padding time due to its

reasonable allocation.

15

—#— MPME
—©6— Fixed max CSI
—_ —— Random CSI
é’ Fixed median CSI
= Fixed min CSI
(o}
£ 10}
=
en
=]
kel
<
[=% P
% st
<
=
s
<
0 2 L L L L L h
1 2 3 4 5 6 7 8 9
Number of STAs

Fig. 5  Average padding time under 20 MHz

Then observing Fig. 6, unlike under the
channel bandwidth of 20 MHz, there exists the
decrease in average padding time with an
increase in the number of STAs. That may
because, when the number of STAs increases, the

allocated RU size is more similar, so that the

transmission duration of STAs is closer. However,
the total transmission duration is also longer, so
it can be found in the reporting efficiency curve
that shows although the padding time decreases,

the reporting efficiency doesn’t increase.

90

—— MPME

80 [—— Fixed max CSI
€ 70 |—— Random CSI
E 60 | Fixed median CS
= Fixed min C
250
5
B 40
a
30 f
i~
E 20

10

=

2 4 6 8 10 12 14 16 18
Number of STAs

Fig. 6  Average padding time under 40 MHz

6 Conclusion

In this paper, we have discussed the resource
allocation problem in WLAN sensing through
optimizing the CSI simplification and uplink RU
allocation jointly. We provided the MPME algo-
rithm which can improve the padding wastage
and sensing accuracy performances concurrently,
and maximize the reporting efficiency during
uplink CSI sensing report. We implemented this
MPME algorithm and evaluated its performance.
We noticed that this algorithm has a significant
reduction in padding and improvement in report-
ing efficiency compared with other methods, and
also performs more stably. This MPME algo-
rithm can be an effective solution to the problem
raised in this paper, and further research will be

carried out in the future.
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