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5G Radio Access Network
(Downlink, full frequency reuse)
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@ Industrial scenario: ((( )))
- Indoor (low-mobility)
- high reliability ‘
- low-latency b

- deterministic delay (target: zero delay jitter)
gNB,
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@ TSN controller

- Resources reservation to avoid
packet delays in queues (802.1Qbv)
- Nodes synchronization (802.1as)

gNB;
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m € gNB; reserves periodically (in every subframe)

12 13 1a > a fixed set of RBs for each active TS flow.

time
Subframe (1ms) Which is the number of RBs that need to be

reserved?
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Improved coordination: w <~ - TS Flow 1
In every subrame, the gNB with the best S o
propagation channel is selected to deliver T = — = = TS Flow 3

the packet to the terminal.
gNB,
How is the best gNB selected?
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Channel estimation: Hm n(k,7) Z Ry n(sz,JTcoh)

Subcarrier index Time index
(multiples of coherence time)

SNR calculation: SNR,, »(k,j) = ]l\?[_;|f{m,n(kaj)|2

Coordinated radio frame design

Table 5.1.3.1-3: MCS index table 3 for PDSCH

WCS Index | Modulation Order |

Effective SNR calculation for MCS i = iax:

SNR;, () = fi! Z fi (SNRyp,n (K, 7))

kelC T

RBIR (Received Bit Mutual Information Rate)

for the modulation of the ith MCS

Evaluated numerically!!




@ T . Coordinated radio frame design

@ gNB selection: gNB that maximizes the effective SNR of terminal n at time |

SNRfLH(j) = max SNRf,flf,n(j) —> | m,(j) = arg max SNR%fn(j)

@ Modulation and Coding Schem (MCS) selection:

yes Select the currenti ——) | MCS,, (j) = i
SNREE(j) > SNR; =

/ Go backtostep (3)andtry i — i — 1
Minimum SNR required
by MCS i to attain the
(0]

target BLER No coverage!!
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@ Compute offline the selected MCS during J channel MCS,, = [MCS,(1),...,MCS,,(J)]
realizations of the channel:

Prob of requiring

1
@ Compute the histogram of MCS,,: P: = j Z ]IMCSn(j):i more than the
J

reserved RBs

i*—1 /
Determine the number of RBs Nig(n) = [Tgs/(12R;+)] with i* the solution to Z Di < Dioss
i=0

reserved for the nth flow:
Transport Rate (bpcu)

Block of MCS i*

N
@ Determine the total number of Npp = Z N;{B (n)

RBs reserved for TS traffic: —
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@ Compute offline the selected MCS during J channel MCS,, = [MCS,(1),...,MCS,,(J)]
realizations of the channel:

Prob of requiring

1
@ Compute the histogram of MCS,,: P: = j Z ]IMCSn(j):i more than the
J

reserved RBs

i*—1 /

(8)  Determine the number of RBS N\ (1) — [Ty /(12R;.)] Wwith i the solution to <
9 reserved for the nth flow: rp(n) = [Tps/(12R;.)] Z Pi < Ploss

Transport Rate (bpcu) =0
Block of MCS i*
@ Determine the total number of al 1
etermine the total number o %
Npp = N
RBs reserved for TS traffic: RB 221 rp(n) :
n=
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Factory Hall
Indoor factory channel model (Inf-SH)
//1;- ,'7: [3GPP TR 38.901]
d i Z
’ i 4 1 PROPAGATION CHANNEL PARAMETERS
it i (@) (®) % !
. i ((E))T 8m ((g)) , : Parameter Value
‘ : N / ) Frequency (f) 3.5 GHz
FTTTTT g - _((( )))_ ﬁ 1 ________ '(( ))) y = "71 25m ’ Multipath model TDL-B (Rayleigh taps)
< ! ’ Delay spread 57 ns

Shadowing (std)
Pathloss model
User terminal height

5.9 dB (log-normal)
32.4 + 231log;o(d) + 201logo(f)
1.5m

1
| I
! 50m 1,
1 25m S0m v 22 100m
: A-é/ » d » 1 ,/
| . > | .
e e e e e e e e e e e - - 1
100m
5G NR CONFIGURATION
'?arame':tel;i Es /Ny (dB) Z;ll;le 130.9 dB 5G configuration
ransmitted Fs/Ng 7 - ;
Bandwidth 50 MHz [BGPP TS 38.214, TS 38.212]
Subframe duration 1 ms
Subcarrier spacing (A f) 15 kHz (u = 0)
Symbol duration including CP (T") 71.4 us
Transport block size (TBS) 3780 bits
Block Error Rate (BLER) 5-1074
Number of RBs (NRB) per symbol (K) 270
Number of RBs (NRB) per subframe (Nrp max) | 3600
Number of RBs (NRB) for signaling (Sgg) 180 (approx. 5%)
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Simulation results

Ngp(n): Number of reserved RBs depending on the position of terninal n
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Ngxp(n): Number of reserved RBs depending on the position of terninal n
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* Window reservation mechanism for 5G compatible with IEEE 802.1Qbv

« Coordination is essential to cope with interference and exploit macro-

diversity in industrial multi-gNB scenarios.

« Transmitted power can be used to increase the number of time-sensitive

flows handled by the 5G radio access network.




