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Abstract:  To meet the demand for multimodal transmission with understanding, reasoning, and collaboration
capabilities in sixth-generation artificial intelligence (Al)-native networks, conventional semantic communication methods
generally take text, images, or multimodal features as transmission objects and mainly focus on source-content compression
and reconstruction. Consequently, they have difficulty explicitly understanding and compressing task intent expressed by

users through multiple information sources before transmission. To investigate the value of transmitting multimodal intent
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in Token communication, this paper adopts composed image retrieval as the downstream task and proposes a multimodal
intent-aware token communication (MIA-TC) method. MIA-TC addresses how task intent embedded in multimodal inputs
can be understood, compressed, and transmitted before communication, and organizes transmitter-side multimodal intent
extraction, target-description generation, text Token transmission, and receiver-side task retrieval into a unified pipeline.
Specifically, rather than directly transmitting raw images, manipulation text, or high-dimensional multimodal features, the
transmitter employs a multimodal large language model (MLLM) to understand the user’s retrieval intent jointly expressed
by a reference image and manipulation text, generate a task-oriented target intent description, and discretize the description
into a small number of text Tokens for transmission over a basic Token communication link. After recovering the target
description, the receiver performs text-to-image retrieval using a vision-language model. For transmitter-side intent
compression, we design a prompt consisting of visual grounding, intent inference, reflective filtering, and compressed
output, enabling the model to select task-relevant information before transmission and compress intermediate reasoning
information into a communicable target description. We further propose the Token-level communication-aware retrieval
score (Token-CARS) and the channel-use-level communication-aware retrieval score (Channel-CARS), which jointly
evaluate downstream task performance with the number of Tokens and channel resource consumption, respectively. The
communication link employs basic Token grouping, error checking, channel coding, modulation, single-shot transmission,
and reliable retransmission. Preliminary experiments on the composed Image retrieval on common objects in context (CIRCO)
validation set show that MIA-TC achieves downstream task performance comparable to that of the raw image-text Token
scheme with post-transmission reasoning and obtains better results under reliable transmission settings at medium-to-high
signal-to-noise ratios (SNRs). In reliable retransmission mode at an SNR of 5 dB, MIA-TC achieves a Recall at 5 (Recall@5)
value of 16.82, a Token-CARS@5 of 0.506, and a Channel-CARS@5 value of 7.124, all of which outperform post-
transmission MLLM reasoning retrieval and two-stage semantic compression retrieval. Compared with the raw image-text
Token scheme, MIA-TC reduces the average number of Tokens by 93.58%, the number of channel uses by 87.34%, and the
average end-to-end inference latency by 11.89 ms. MIA-TC also outperforms the two-stage semantic compression method
in downstream retrieval performance as well as the Token-CARS and Channel-CARS metrics. In particular, MIA-TC
achieves higher Token-CARS and Channel-CARS than both the raw image-text Token scheme and the two-stage semantic
compression method. These results demonstrate that performing multimodal intent understanding and semantic compression
at the transmitter can reduce communication overhead while preserving task effectiveness, providing a reproducible
research paradigm for multimodal intent transmission in sixth-generation Al-native semantic communication systems.

Keywords: token communication; multimodal large language model; composed image retrieval; sixth-generation
intelligent communication networks; multimodal intention understanding
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You are an image description expert. You are given a reference image and a manipulation text. Your goal is to infer the user’s intended target image and
generate a target image description based on the reference image and the manipulation text.

## Guidelines on generating the Visual Grounding

* Identify visual details in the reference image that are relevant to the manipulation text.

* Focus on objects, attributes, colors, counts, actions, spatial relations, background, style, viewpoint, and context that may affect the intended target image.
* Do not describe every visible detail in the image. Only keep details that may help infer or preserve the user’s intended target.

* If the manipulation text refers to an object, attribute, or background element, explicitly ground that element in the reference image when it is visible.

## Guidelines on generating the Intention Inference

* Explain the user’s intended semantic change based on both the reference image and the manipulation text.

* ]dentify what should be kept from the reference image.

* Identify what should be removed, added, replaced, changed, emphasized, or de-emphasized according to the manipulation text.
* If the manipulation text is implicit or ambiguous, infer the most likely intention using the visual context.

## Guidelines on generating the Reflective Filtering

* Filter out irrelevant, redundant, or hallucinated elements from the Visual Grounding and Intention Inference.
* Keep only the semantic elements that are necessary for describing the intended target image.
* Preserve the key object, key attributes, key modification, and necessary background or context.

## Guidelines on generating the Compressed Output

* Generate a compact target image description based on the filtered semantic elements.

* The description should contain only the intended target image content.

* The description should be concise, natural, and retain the main intended visual changes.

K3 ERE S SRR R i

Figure 3 Prompt design for intent understanding and semantic compression
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Figure 4 Examples of the four-stage intention understanding and semantic compression workflow for different query types
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Table 3 Results in reliable retransmission mode at an SNR of 5 dB

25 ik mAP@571 | R@51 Token%t | | f5ik%L | | Token-CARS@5 1 | Channel-CARS@5 1
KR 2.15 3.64 10.63 80 080 0.202 2.684
S E R R LEER e 1.04 227 256.00 881 104 0.004 0.118
Pl SRl B AR 3.28 6.36 266.63 961 184 0.012 0.342
Sk e Ak B L5 5 MLLM JfEHAG R 6.97 13.64 266.63 961 184 0.026 0.725
P PR Bl SO 7.46 14.55 36.39 248 000 0.205 3.008
MIA-TC K3 % (ours) 8.67 16.82 17.12 121 640 0.506 7.124

B TiFEMERE LA 10.02 18.64 — — — —

T : Channel-CARS 1 4§ fH T B K 10° 4% S .

SR AR R Y 256.00 5 266.63 , W1 /0 T F By Beil SCE 4
K& 1936.39, I MIA-TC () mAP@5 4 5.28, Recall@5
479.55. BARFEANFEAL S5F T H mAP BT W B Boif
X R 45 K6 & 0 6.45, {H MIA-TC % Token-CARS ik %]
0.308, Channel-CARS 15 %] 12.808,, 34 51 T 19 B Bt 5 i 1)
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K2R 7 B I A R4 fn i, 9 LA E AR R 4 A T 1
9, FECERRIR G PR N E 2 B EEIER

%4 SNRAS8 IBAETEXREHIENER

Table 4  Results in single—shot transmission mode at an SNR of 8 dB

25 Tk mAP@51 | R@51 Token% | | fHiBKEL | | Token-CARS@S T | Channel-CARS@5 T
AKR 1.39 4.09 10.63 26 720 0.131 5.201
SRl EHER R &G AR 0.30 0.46 256.00 394 240 0.001 0.077
ISRl R &R 1.29 2.27 266.63 420 960 0.005 0.305
RIS b B L4 5 MLLM JfEHAG R 5.41 9.55 266.63 420 960 0.020 1.284
P——— Wi BEif SRSk R 6.45 12.27 36.39 83 120 0.177 7.761
MIA-TC £% (ours) 5.28 9.55 17.12 41240 0.308 12.808

B TefFiE e LA 10.02 18.64 — — — —

1 : Channel-CARS FI B E i K 1075 i o
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Figure 5 mAP@5 curves of the CIR task under different SNRs
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Figure 6 Token-CARS@5 and Channel-CARS@5 curves under different SNRs
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Table 5 Robustness results of MIA-TC under different channels
JIrik Rayleigh Rician

Eitan mAP@5 Channel-CARS@5 mAP@5 Channel-CARS@5
WA R 1.48 1.41 2.34 2.85
AR 0.47 0.04 0.91 0.10
PSRl A R R 1.30 0.10 2.39 0.24
FE T MLLM RS R 7.28 0.58 6.81 0.69
1 B Bl R R R 6.52 1.96 7.55 2.94
MIA-TC £ % (ours) 5.76 3.45 8.16 6.41
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Table 6 End-to-end latency of different methods in reliable

retransmission mode at an SNR of 5 dB
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Table 7 Results of the ablation study

THRlE mAP@5 | Token-CARS@5 | Channel-CARS@5
MIA-TC-Full 8.67 0.506 7.124
MIA-TC-SP 6.93 0.370 5.249
MIA-TC-LLaVA 3.16 0.193 2.702
MIA-TC-InternVL 8.11 0.469 6.10
MIA-TC-Qwen2VL | 5.36 0216 3.076

1 : Channel-CARS FI S EL ik K 1075 5 .
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a body of water in the in the background

background.

=y is only one and
the photo has a
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the background
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Figure 8 Typical failure case comparison of target intent descriptions

generated by different transmitter-side MLLMs
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