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1. [bookmark: _Toc504713888]Introduction
The Study Item on 3D Gaussian Splatting for Media in 5G MBS (FS_3DGS_MED) identifies the study of state-of-the-art 3DGS representation formats as one of its core objectives (Objective 2). TR 26.958 V0.1.1 currently includes a basic definition of Gaussian splat primitives (Section 4) and mentions PLY as a storage format, but does not provide any comparative analysis of the glTF-based format ecosystem that has emerged in the Khronos Group and MPEG.
This contribution addresses SID Objective 2c (“Determine relevant formats”) by describing two complementary glTF extensions for 3D Gaussian splats that are directly relevant to 3GPP:
KHR_gaussian_splatting (Khronos review draft) defines the canonical glTF representation for Gaussian splat primitives, including per-splat attributes (position, rotation, scale, opacity) and optional spherical harmonics (SH) lighting on POINTS primitives.
MPEG_gaussian_splatting_transport (proposed within MPEG-I Scene Description) extends KHR_gaussian_splatting with transport-level features including progressive download, timed delivery for dynamic 4D Gaussian splats, and alternative SH coefficient layouts.

Together, these two extensions form a two-layer architecture where Khronos provides the canonical splat semantics and MPEG adds distribution and streaming capabilities. This architecture is well suited to the 3GPP context because it combines broad ecosystem interoperability with the media delivery features that 3GPP services require.
1. Discussion
2.1	KHR_gaussian_splatting (Khronos)
The Khronos Group published a review draft of the KHR_gaussian_splatting extension [2] for glTF 2.0 [3] in August 2025, together with the SPZ binary container format. The extension defines Gaussian splats as POINTS primitives within standard glTF, using the following attribute semantics:
POSITION (VEC3, required): Splat center position, using the standard glTF base attribute.
ROTATION (VEC4, required): Quaternion (x,y,z,w) defining the local axes orientation of each splat.
SCALE (VEC3, required): Per-axis scale in log-space.
OPACITY (SCALAR, required): Opacity in the range [0,1].
SH_DEGREE_l_COEF_n (VEC3, conditional): Spherical harmonics coefficients organized by degree (0 through 3) and coefficient index, enabling view-dependent lighting.
COLOR_0 (VEC3/VEC4, recommended): Baseline color for fallback point-cloud rendering on clients that do not support Gaussian splatting.
KHR_gaussian_splatting is explicitly designed to be extended by other extensions using a nested extensions mechanism inside the KHR_gaussian_splatting object. This is intended for extensions that add compression, alternative coefficient encodings, or other processing without duplicating semantics. This design makes the Khronos extension a strong anchor for MPEG and 3GPP work targeting interoperable distribution and streaming.
Any client that does not recognize the KHR_gaussian_splatting extension can still render the data as a standard point cloud using POSITION and COLOR_0, providing a built-in graceful degradation path.
2.1	MPEG_gaussian_splatting_transport 
Within MPEG-I Scene Description, a proposal has been agreed to rebase the MPEG Gaussian Splatting extension on KHR_gaussian_splatting [1] [12]. Rather than duplicating the core splat semantics, the MPEG extension (MPEG_gaussian_splatting_transport) is carried as a nested extension inside KHR_gaussian_splatting.extensions and adds only transport-level features:
Alternative SH layouts: Two MPEG-specific SH coefficient storage modes are defined alongside the Khronos default. The “mpegProgressive” layout groups coefficients by SH degree (degree 1, degree 2, degree 3 as separate SCALAR accessors), which is efficient for progressive refinement because a receiver can render with only SH degree 0 data and incrementally fetch higher degrees. The “mpegPerChannel” layout separates coefficients by colour channel (R, G, B), which can be more efficient for certain compression schemes. In both MPEG layouts, the DC (degree 0) term is not stored in the MPEG accessors but is either reconstructed from COLOR_0.rgb or carried explicitly via the KHR SH_DEGREE_0_COEF_0 attribute. 
Mesh primitive support: The “mpegStitching” layout permits to attach a Gaussian Splat to a 3D triangular mesh primitive which is efficient for using traditional deformation techniques to Gaussian Splats, and provide accurate geometry support . When present, the 3D mesh and its primitive are explicitly signaled in the stitching object. The stitching object is compatible with all modes.
Progressive download: An optional progressive ordering is signalled by listing accessor indices in progressive.stages, ordered from lower to higher fidelity. A receiver may initially fetch only the first stage and render using whatever attributes are available, then progressively refine the rendering as subsequent stages arrive without re-decoding previously available data.
Timed delivery for 4D splats: Dynamic 4D Gaussian splat sequences are supported using the existing MPEG timed media mechanisms. An accessor is treated as time-varying if and only if it carries the MPEG_accessor_timed extension. Timed accessors are backed by circular buffers as defined by MPEG-I Scene Description.
2.3 Two-Layer Architecture and Relevance to 3GPP
The resulting two-layer structure can be summarized as follows:
Layer 1 (Khronos): KHR_gaussian_splatting provides the canonical splat semantics (geometry, appearance, SH lighting) and the fallback point-cloud path via POSITION and COLOR_0.
Layer 2 (MPEG): MPEG_gaussian_splatting_transport adds progressive download, timed delivery, and alternative SH layouts, stichings as a nested extension under the KHR extension object.

This architecture avoids semantic duplication (all splat attribute definitions live in the Khronos layer), preserves backward compatibility (standard point-cloud rendering works without any extension support), and keeps room for future evolution (new kernels, projections, sorting, compression) through the extensibility hooks already present in KHR_gaussian_splatting.
From a 3GPP perspective, this layered glTF approach is advantageous for several reasons:
glTF is already the scene description format adopted by TS 26.118 (Immersive teleconferencing) [7]  and TS 26.119 (MeCAR) [8], making alignment straightforward for 3GPP service integration.
Progressive download and timed delivery map naturally to 5G Media Streaming (5GMS) adaptive delivery.
The progressive SH degree layout enables bandwidth-adaptive quality by letting the network or receiver control how many SH levels to fetch, analogous to spatial/temporal layer selection in scalable video codecs.
The extensibility hooks provide a clear path for future addition of compression extensions (e.g., from the ongoing MPEG Gaussian Splat Coding exploration) and tiled spatial delivery, without breaking backward compatibility of the core format.
2.4 Comparison with Other Formats
TR 26.958 currently mentions PLY as a storage format. The following comparison positions the glTF-based approach relative to the following other formats under consideration:
PLY: The de facto training output format. PLY stores raw float32 attributes without compression, resulting in very large files (typically 200+ MB for a single scene at SH degree 3). PLY has no extensibility mechanism, no built-in support for progressive delivery, no scene graph, and no standard way to carry metadata such as camera parameters or animation data.
SPZ (Splat Zip): Developed by Niantic as a compact binary container. SPZ applies quantization and packing to achieve roughly 90% size reduction compared to PLY. An extension to support SPZ compression is being developed. However, superior compression schemes such as Qualcomm’s L-GSC are also available and being considered in Khronos .
glTF + KHR_gaussian_splatting (+ MPEG_ gaussian_spat_transport): Provides full scene graph support (nodes, transforms, animations), standard extensibility, backward-compatible fallback, and the MPEG transport layer for progressive and timed delivery. This format allows for the signaling and usage of different compression schemes through proper extensions.


For 3GPP purposes, the glTF-based approach is recommended as the primary format path. PLY remains relevant as a training interchange format but is not suitable as a delivery or storage format for mobile services due to its lack of compression, extensibility, and scene structure. 
Compression formats :
SPZ – compression extension: An extension to support SPZ compression is being developed by Niantic. 
Qualcomm’s L-GSC compression scheme is also available and being considered in Khronos.
MPEG activities include fast lightweight GSC dedicated to static GS based on V-PCC Amd1 [9] and G-PCC amd1 [10] as well as 3DGS compression addressing dynamic GS with a Call for Proposal under development. MPEG requirement for 3DGS compression can be found in [11]

3 Proposal
We propose to include the following information in TR 26.958 under Section 4 (and a new subsection for external format analysis under Section 11), addressing SID Objective 2c:
Document the KHR_gaussian_splatting extension as the emerging industry baseline for 3DGS representation in glTF, including its attribute semantics, SH coefficient organization, backward-compatible fallback via POINTS, and extensibility mechanism.
Document the MPEG_gaussian_splatting_transport extension being developed within MPEG-I Scene Description, including progressive download, timed delivery for dynamic 4D Gaussian splat sequences, and alternative SH coefficient layouts (mpegProgressive, and mpegPerChannel, mpegStiching).
Document the two-layer architecture (Khronos semantics + MPEG transport) and its suitability for 3GPP service integration, noting the alignment with the glTF-based approach already used in TS 26.118 and TS 26.119.

We propose to add a new subsection for external format analysis under Section 11, addressing SID Objective 7, listing the compression formats above and considering two sub clauses one for static and one for dynamic 3DGS compression.
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