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Cellular-V2X for ITS Use cases
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BS/RSU/Mobile Edge



HD Maps for ITS Use cases
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● High-definition (HD) maps are highly accurate (~ cm) → autonomous vehicles [1][2]

● Terminology: Layer, Grid, Tile, Segment (.osm, .pcd)

● Need for distribution over wireless networks [3]

○ Localization, Path planning

○ Control, Perception, etc

● Network delay ~ 100 millisec

● HD Map is BW-hungry and time-sensitive app

Figure 1: Example of a HD Map

Table 1: Components of a HD Map



Literature Review and Problem Statement
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1. Caching based solutions to quickly deliver 

the maps from RSUs [4][5][6][7][8][14]

2. Request-reply mode (Unicast)  [9]

What is the Academia looking at?

1. AI-based solutions for perception, 

planning, localization [10][11][12][13]

2. Publish-subscribe mode (Groupcast) [15]

What is the Industry looking at?

1. Properties of HD maps: Time sensitive, Non-private, Customized layer properties (size,

validity, importance/priority)

2. Efficient distribution of HD maps wirelessly

a. Modes of distribution: Unicast vs Groupcast vs Broadcast

i. Network delay and Bandwidth tradeoff

3. Problem statement: Adaptive broadcast scheduling that meets delay constraints

with minimal bandwidth consumption

What are they NOT looking at?





System Model
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Optimization Model for Broadcasting
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Decision Variable 

Objective Function

The objective is to minimize the sum of unscheduled requests across all requests (r) and times (t), taking into account the 

arrival and deadline times for each request: 

Subject to: 

•Constraint 1: Slot Occupancy Constraint: Each slot can hold only one tile at a time. This constraint ensures that two

requests cannot be scheduled in the same slot at the same time.

•Constraint 2: Request Scheduling Constraint: Every request needs to be scheduled at least once between its arrival

time and deadline.

Jwedn 1, if request r is scheduled in slot s at time t, otherwise 0.



Working of Proposed Adaptive Broadcast Scheme (ABS)

IIT Hyderabad VTC 2024 - Spring 9/18

Lorem 3Lorem 1 Lorem 2 3.    Scheduling Phase1. Decision Phase 2.   Queuing Phase

If the requested tile is

going to appear on the

broadcast schedule of

RSU in the near future,

ignore the request.

Else insert the request in

a Queue for serving

soon.

Prioritize the requests in

the max-Priority queue

using type, popularity and

deadline in that order to

break ties among tiles

having same priority for

arriving at the scheduling

order.

Find an empty slot that is

the nearest but before the

deadline of tile’s request.

If no such slot is found,

replace an existing tile in

the broadcast schedule

(preempt) order based on

the priority decided in the

previous phase.



Proposed Adaptive Broadcast Scheme: Queuing and Scheduling Phases
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Toy example for tile distribution (Unicast Request & Broadcast Reply Mode)
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Wait time   =  [ Slot in which tile published next - Request Time slot]

Case 1: Best-case wait time in Static scheme= 0 

Case 2: Worst case wait time in Static scheme= 9 slots

Case 3: Wait time in Adaptive scheme (our work) = 2 slots

Figure A : Best-case wait time in Static Broadcast Scheduling Figure B: Worst-case wait time in Static Broadcast Scheduling

Figure C: Increment frequency of broadcast of the required tile in case of Adaptive Scheduling 



Comparison of Various Broadcasting Schemes
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● Broadcast Scheduling Schemes studied:

○ Static (Basic) Scheduling Scheme

○ Adaptive Scheduling Scheme (ABS)

○ Optimal Scheduling Scheme

Figure: Demonstration of considered approaches

Table: Delay comparison between various approaches



Experiment Setup
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Figure A: SUMO Setup for HD map tile request generation by 

vehicles in urban road segment

Figure B: Heat map generated for different tile sizes

Table: Experimental  parameters



Performance Results: The Hit Rate Saga!
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Figure: Impact on Hit rate

Figure:Variation in hit rate with speed 

of vehicles

1. Tile size ∝ (1/ number of tiles), broadcast 

period increases with increasing tiles.

2. ABS performs better for the same tile size.

3. Optimal beforms the best, but pattern to be 

known in advance.

Hit rate for Basic vs ABS vs Optimal

1. ABS supports <10% miss for speeds up to 

80kmph.

2. For speeds >100kmph, 1GB/mile data; 

additional bandwidth required

Speed vs Hit rate



Performance Results: Impact on Turn Around Time (TAT)
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Figure:Impact on TAT by varying tile sizes

1. Optimal needs advance knowledge of tile 

requests which might not be viable in 

real-world scenarios.

2. ABS has an average TAT of ~0.5 sec per 

request for all tile sizes.

3. Suitable for critical V2X applications.

Tile size vs TAT



Conclusion and Future Directions
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1. Proposed ABS scheme for effective dissemination of HD map data in dense NR V2X 

environments.

2. Optimization model that elevates the problem to an NP-Hard challenge, paralleling multi-

objective scheduling scheme.

3. Emulation results of ABS scheme show promise in reducing schedule misses as much as by 50% 

compared to the conventional periodic broadcast and minimizing turn around time per request.

Conclusions

1. Future work includes enhancing ABS scheme using mini-slot scheduling to address challenges 

related to request starvation for lower priority requests

2. This technique involves distributing parts of different tiles within a single slot, offering a potential 

solution to improve request handling efficiency.

Future Work
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