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Multiple UEs Initial Access Hardware Experiment
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Abstract—This paper organizes hardware experiment of msg3
in initial access. For a case of contention, the adoption of IDMA
(interleave division multiple access) can allow more than one UEs
(user equipment) to successfully access the BS (base station).
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I. INTRODUCTION

In the process of initial access, a UE (user equipment)
randomly select a RACH (random access channel) occasion to
request access to BS (base station) [1]. Without any coopera-
tion between UEs, the random selection allows multiple UEs
to adopt the same RACH occasion. The current initial access
process does not resolve the following contention completely,
and one or none of the UEs can successfully access to the BS.

The expected UE density increases over the generation of
communications [2], and the large the number of UE also
increases the chance of contention. In this paper, we adopt
IDMA (interleave division multiple access) in the initial access
process in order that more than one UE can access the BS
when contention occurred. Especially, we apply an IDMA
method in [3] on msg3 and conduct hardware experiment to
verify its utility.

II. SYSTEM STRUCTURE

UEs select the same RACH occasion and RACH preamble,
and the msg3 of UEs suffers contention at BS. This situation
is that each UE transmits the same msgl (PRACH preamble)
and the BS receive the msgl through a fictitious channel
which is a combination of multi-UE channel. Without any
knowledge about the number of UEs, the BS replies msg2
through the fictitious channel. After receiving msg2, each UE
can apply IDMA on msg3, and the BS has chance to figure
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Fig. 1: PUSCH slot structure.

out the number of UEs and decode signal from each UE by
decomposing the IDMA structure.

For the key sequences, i.e., the IDMA interleaver, UEs can
avoid overlap of key sequence by choosing a random sequence
longer than 8 bits. BS, then, tries every possible key sequences
and figure out whether decoding is successful by checking
CRC (cyclic redundancy check). The number of possible key
sequences balances the chance of overlap between UEs and
the decoding overhead.

As the msg3 is loaded on PUSCH (physical uplink shared
channel), it is transmitted with DM-RS (demodulation refer-
ence signal) as in Fig. 1. The channel information can be
estimated using the DM-RS, and hence the overlap of DM-
RS from different UEs should be avoided by statistically.

III. HARDWARE EXPERIMENT

Two UEs are deployed, and their channel gain is set to
be a similar level. To diversify the received signal power of
two UEs at the BS, several cases of UE transmit power are
considered in Figs. 2-4. The details of simulation settings
are in Table I. In Fig. 2, the transmit power of two UEs
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Fig. 2: Hardware experiment with O dB transmit power differ-
ence.

TABLE I: Experiment settings.

Name Value Name Value
symbol rate 15.36 MHz modulation 4QAM
samples per symbol 2 FFT size 1024
. . cyclic prefix length
subcarrier spacing 15 kHz (0. 7 OFDM symbol) 80
. cyclic prefix length
carrier frequency 2.05 GHz (others) 72
re?(])l:?(]?;a)(fck 12 interleaver length 144

is the same. This is the most harsh environment for the
traditional contention resolution process of 5G or before, since
the process simply assumes the received signal is from one
UE and tries to decode the signal. The similar power level of
received signals from two UEs scatters each others signal, and
BS barely can focus on a distinct single signal. With IDMA
method, on the contrary, BS has chance to distinguish more
than two signals using different key sequences. In Fig. 2b, the
receiver successfully detects CRC of the two UEs, and the
decoded data of two UEs are the same as the transmit data in
Fig. 2a.

In Fig. 3, the transmit power of UE1 is 20 dB lower than
that of UE2. The large difference of received power level is a
preferable scenario for traditional initial access process where
single dominant signal can be observed, but relatively low
power level of UEI signal may be hard to be decoded. The
proposed IDMA method adopts joint decoding of two signals
and successfully decodes the msg3 of both UEs.

In Fig. 4, UE recognizing ability of the proposed method is
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Fig. 3: Hardware experiment with 20 dB transmit power
difference.
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Fig. 4: Hardware experiment with one UE transmission

assessed by limiting the transmit power of UE2 as a extremely
low level, which is the case that only UE1 transmits msg3.
Without any previous knowledge of the number of UEs, the
BS detects only one UEs by checking CRC and decodes one
msg3 that is from UEI.
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IV. CONCLUSION

The proposed IDMA method can recognize and distinguish
multiple UEs at the initial access process, which can reduce the
number of retry of each UE’s initial access and the chance of
contention at the following initial access process of other UEs.
As a results, the entire initial access process of communication
system can speed up.
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