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Abstract

India's 5G rollout, initiated with spectrum auctions in August 2022 and commercial launch by Reliance Jio and
Bharti Airtel in October 2022, has expanded to cover over 640 cities and towns by March 2024 — yet average 5G downlink
throughput of 312 Mbps, while far exceeding 4G's 48 Mbps, remains substantially below the theoretical peak of 20 Gbps
promised by IMT-2020 specifications. The gap reflects network densification deficits — insufficient small cell
deployments in dense urban environments where macro-cell signal penetration into indoor environments is limited —
and scheduling algorithm inefficiencies that do not exploit the spatial multiplexing and multi-user diversity gains
available from massive MIMO antenna arrays already deployed in the Jio and Airtel 5G infrastructure.

This paper presents an integrated radio access network design study combining three complementary
technologies: Open Radio Access Network (O-RAN) architecture for disaggregated multi-vendor network deployment,
Massive MIMO beamforming with 64-antenna ULA arrays for spatial coverage enhancement, and Non-Orthogonal
Multiple Access (NOMA) with successive interference cancellation (SIC) for improved spectral efficiency under high
user density. System-level simulations using an IIT Madras-developed 5G NR link-level simulator calibrated to Jio's
Chennai deployment are validated against drive test measurements. The proposed NOMA-Massive MIMO scheduling
achieves 15% sum spectral efficiency improvement over standard OMA at 10 simultaneous users and reduces P95 latency
from 38ms (LTE baseline) to 2.1ms (O-RAN 5G) — meeting the URLLC 5ms target for 94.7% of the simulated network
area.
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1. Introduction

India's digital economy, projected to reach USD 1 trillion by 2027 according to NASSCOM's 2024 Digital Economy
Report, depends critically on wireless connectivity infrastructure that can support the concurrent requirements of enhanced
Mobile Broadband (eMBB) for video streaming and cloud computing, massive Machine-Type Communications (mMTC)
for the 2 billion IoT devices projected by 2025, and Ultra-Reliable Low-Latency Communications (URLLC) for autonomous
vehicles, remote surgery, and smart grid control applications. 5G NR's three-slice architecture is designed specifically to
serve these divergent requirements simultaneously — but realising the URLLC slice's 1ms latency and 99.9999% reliability
targets in India's dense urban environments requires network architecture and radio resource management innovations that
this paper investigates.

The Open RAN initiative — which disaggregates the traditional integrated base station into O-RU (radio unit), O-
DU (distributed unit), and O-CU (central unit) connected by open standardised interfaces — offers two transformative
benefits for India's 5G ecosystem: reduced equipment cost through multi-vendor competition (estimated 20-35% CAPEX
reduction compared to integrated vendor lock-in deployments), and programmable network intelligence through the RAN
Intelligent Controller (RIC) that enables Al-driven radio resource management. TRAI's 2023 consultation paper on O-RAN
policy explicitly endorses the architecture as consistent with India's Aatmanirbhar Bharat digital infrastructure objectives.
The Chalmers University collaboration contributes the Massive MIMO channel model, calibrated to Swedish urban outdoor
measurement campaigns that complement the IIT Madras indoor-outdoor Chennai drive test dataset.

2. System Model and Algorithms

2.1 O-RAN Architecture and NOMA Scheduling

The simulated network comprises three O-gNBs (O-RAN gNodeBs) at positions (200,200), (600,800), and
(800,300) m in a 1kmx1km simulation area, each serving a 64-element ULA operating at 3.5 GHz with 100 MHz bandwidth.
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The Near-RT RIC implements the NOMA-MIMO scheduler that assigns users to power levels and spatial beams based on
their estimated channel conditions: users with high SINR receive lower power allocation (exploiting their channel advantage)
while weak users receive higher power, with SIC at the receiver decoding strong signals first to cancel their interference
before decoding weaker signals. The NOMA pairing algorithm uses K-means clustering of UE SINR values to form pairs
with maximum power difference (maximising SIC effectiveness) subject to a minimum target rate constraint for the weaker

user.

2.2 Polar Code and LDPC FEC Design
5G NR specifies Polar codes for the control channel and LDPC codes for the data channel. The paper evaluates both

with 64-QAM modulation: LDPC (rate 5/6, block length 8,448 bits) achieves target BER=10"° at Eb/No=14.8 dB, while the
proposed optimised Polar code (rate 5/6, block length 512 bits for URLLC short packets) with successive cancellation list
(SCL) decoding achieves equivalent BER at Eb/No=11.2 dB — a 3.6 dB coding gain with 68% shorter packet latency, directly

enabling the sub-1ms air interface latency required for URLLC applications.

3. Results

3.1 Throughput, Beamforming and Latency Performance
Figure 1 Panel A's throughput-versus-SNR comparison confirms the expected hierarchy: 5G mmWave (400 MHz

bandwidth) achieves 3.5 Gbps peak at SNR=25 dB, sub-6 GHz 5G (100 MHz) achieves 900 Mbps, and NOMA -assisted 5G
achieves 1.1 Gbps — 22% improvement over OMA at equivalent bandwidth through multi-user spatial multiplexing. Panel
B's beamforming radiation patterns demonstrate the 32-element array's 28 dB main lobe gain versus 14 dB for the 4-element
array — the spatial discrimination that enables simultaneous service to geographically separated users without mutual
interference. Panel C's latency CDF confirms O-RAN 5G's P95 latency of 2.1ms — within the URLLC Sms target for 94.7%

of the simulated area.
Fig. 1. 5G/0-RAN Throughput, Beamforming Gain Pattern and Latency CDF Comparison
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Fig. 1. (A) Throughput vs SNR — 4G LTE, 5G Sub-6, 5G mmWave, NOMA; (B) Beamforming Radiation Pattern — 4 to 32
Element ULA; (C) Latency CDF — 4G vs 5G vs O-RAN

The SINR spatial map in Figure 2 Panel A confirms adequate coverage across the 1kmx1km simulation area with

three O-gNBs, with SINR above 15 dB throughout the central coverage zone and above 5 dB at most cell-edge locations.
The minimum SINR zone (below 0 dB) covers less than 3% of the area, concentrated at the corners equidistant from all three
cells — a coverage hole that would be addressed by a fourth small cell in a production network. Panel B's spectral efficiency

comparison confirms the NOMA scheduler's consistent advantage over OMA across user counts 1-20, with the largest
absolute gain at 10 users (1.08 vs 0.94 bps/Hz sum SE) where the NOMA power allocation algorithm achieves optimal inter-

user interference cancellation.
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Fig. 2. 5G SINR Spatial Coverage Map and Spectral Efficiency Comparison by Access Scheme
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Fig. 2. (A) SINR Spatial Coverage Map — Three O-gNB Deployment in 1 km % I km Area; (B) Sum Spectral Efficiency vs
Active Users — OMA vs NOMA vs Massive MIMO
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Table 1. Key 5G NR Network Performance Metrics — Simulation vs Drive Test Validation (Chennai Urban)

Metric 4G LTE 5G Sub-6 GHz | 5G mmWave O-RAN NOMA-
Baseline 5G MIMO

Peak DL Throughput 150 Mbps 900 Mbps 3.5 Gbps 920 Mbps 1.1 Gbps
P50 Latency 32 ms 4.2 ms 1.8 ms 2.1 ms 2.3 ms
P95 Latency 96 ms 14.8 ms 4.4 ms 2.1 ms 2.4 ms
URLLC coverage 0% 68.4% 94.2% 94.7% 92.1%

Sum SE (10 UEs) 0.34 bps/Hz 0.94 bps/Hz 3.2 bps/Hz 0.96 1.08 bps/Hz
bps/Hz

Power per site (W) 640 1,080 1,420 1,150 1,220

Drive test validation: 42 test routes across Chennai, 8,600 UE measurement samples; simulation-measurement agreement
within 8% for throughput and 12% for latency;, mmWave limited by outdoor-indoor penetration loss (28 dB at 3cm wall)

3.2 BER Performance and Power Consumption

Figure 3 Panel A confirms the proposed Polar-coded 64-QAM scheme's 3.6 dB Eb/No advantage over standard
LDPC at the 10~ BER target — the coding gain that reduces the required transmission power for URLLC reliability by 54%,
directly extending the coverage radius at which 99.9999% reliability can be maintained without additional infrastructure.
The BER curves confirm the expected waterfall characteristic for both LDPC and Polar codes at target FER, with the Polar
code's steeper waterfall reflecting SCL decoding's near-maximum-likelihood performance for the 512-bit block length. Panel
B's O-RAN power consumption breakdown identifies the RU radio unit (24.3%) and DU baseband unit (36.5%) as dominant
consumers, with the combined DU+RU share of 60.8% confirming that radio processing — not fronthaul transport or core
network — is the primary energy optimisation target for 5G network sustainability.
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Fig. 3. BER Performance of 5G NR Coding Schemes and O-RAN Power Consumption Profile
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Fig. 3. (A) BER vs Eb/No — 5G NR Modulation and FEC Coding Scheme Comparison; (B) O-RAN Base Station Power
Consumption Breakdown

4. Conclusion

The integrated O-RAN, Massive MIMO, and NOMA-MIMO framework achieves 22% spectral efficiency
improvement over OMA, P95 latency of 2.1ms (meeting 5Sms URLLC target for 94.7% of the simulation area), and 3.6 dB
BER coding gain from optimised Polar codes for URLLC short packet transmissions — collectively establishing the technical
basis for 5G network densification in India's urban corridors that can meet the concurrent eMBB, mMTC, and URLLC
service requirements of India's 2025-2030 digital economy. The O-RAN architecture's 20-35% CAPEX reduction relative
to integrated vendor deployments aligns with the Telecom Regulatory Authority of India's network cost reduction objectives
and the Department of Telecommunications' Open RAN policy support. Future research will extend the NOMA-MIMO
scheduler to 6G sub-THz (100-300 GHz) carrier scenarios and evaluate the AI-RIC control loop latency requirements for
terahertz beam management.
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