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1. Introduction
This document provides a brief discussion of 3D tiles and level of detail, in particular their relation to 3DGS encapsulation and delivery format requirements. Following the discussion, additional text and text changes are proposed for the TR.
2. Reason for Change
1st Change: adding a definition for level of detail
The current version of TR 26.958 v.0.1.1 provides a definition for 3D tile and but not for level of detail (LOD). The current definition of 3D tile is also non-3DGS specific – an update of the definition is proposed, as well a separate clause related to this concept (3D Tiles is also an open standard).
2nd Change: using a more general term instead of 3D tiles in the description of the use cases
Both 3D tiles and LOD are currently used only in the use case on “Exploration of a large 3DGS environment” in clause 5.3. Whilst level of detail (LOD) is a term widely used in 3D models and graphs, 3D tiled is a more technical term specified in the TR. For this reason, it is more suitable to use a generic term instead of 3D tiles for the text in the description of the use case; this matches the level of the descriptions for the other two use cases in clauses 5.2.1 and 5.4.1. Mention of 3D tiles in the working assumptions is also updated to 3DGS tiles, and include a reference to the proposed clause on 3DGS encapsulation and delivery formats.
3nd Change: clause on 3DGS encapsulation and delivery formats
As mentioned, whilst there is mention of 3D tiles, LOD and partial delivery in the TR, these are all currently mentioned as part of the use cases. Since these concepts are related to the delivery of 3DGS data, we propose a clause on 3DGS encapsulation and delivery formats, the text as below, describing:
-	The concepts of spatial random access and LOD
-	The requirements of the above in relation to 3DGS
-	A clarification of 3DGS tiles (previously 3D tiles) and its relation to the requirements
-	Aspects of the above related to compression aspects
3. Proposal
It is proposed to agree the following changes to 3GPP TR 26.958 v0.1.0.

[bookmark: _Hlk61529092]* * * 1st Change * * * *
[bookmark: _Toc214542866]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
3DGS tile: a spatial volume of the scene represented by a specific bounding volume, containing a set of 3D Gaussians for a given level of detail (LOD).
anisotropic: refers to Gaussians whose shape and orientation vary by direction, allowing them to take ellipsoidal forms instead of uniform spheres. This enables more accurate modelling of local geometry and surface details by adapting each splat’s spread and rotation in 3D space.
levels of detail: 3D tile: A discrete spatial partition of a massive geospatial dataset, defined by a specific bounding volume enabling the optimized streaming and progressive rendering of content based on the viewer's proximity and field of viemultiple representations of a scene, each with a different set of data which represents different qualities of the scene for a compromise between visual detail and data size.

* * * 2nd Change * * * *
[bookmark: _Toc214542879]5.3.1	Description
In this scenario the user explores a large 3DGS environment on a UE with responsive 6DoF or constrained-6DoF navigation.
A user launches an application and selects a large 3DGS scene (e.g., museum, mall level, outdoor plaza, city, …). The UE requests visible parts of the scenes around the current pose and prefetches likely next regions based on motion prediction. The navigation is expected be constrained to captured spaces to avoid out-of-bounds views.
The environment is delivered as an adaptive set of 3D tiles3D Gaussians at various levels of details (LODs). Edge/cloud assistance may be used for content preparation and low-latency delivery.
At session start, the service negotiates device capabilities and network constraints, then selects an initial set of 3D tiles3D Gaussians at various level of details to display the 3DGS scenes according to user's position and orientation.
The selection of the 3D tiles Gaussians sets and their level of detail (LOD) is performed based on user movement, and device capabilities and bandwidth. A buffering process may be used to mask variations in bandwidth and quality in each region. The selection process must maintain a constant number of 3D Gaussian splats displayed at any given time to ensure good quality and smooth navigation by minimizing variations in visual quality and the number of frames per second rendered.
According to the sets of 3D tiles3D Gaussians loaded, the rendering process may display the 3DGS scene. A smooth transition may be applied by the renderer to limit the visual effect of the level of detail changes. For safety and quality, motion is restricted to the captured region.
Interactive delivery of 3D tiles3D Gaussian sets is used to receive the 3DGS data at various level of details. 
The 3DGS model may be rendered in AR or VR, depending on device capabilities and user preferences. Adding to smartphone device, dedicated AR/VR devices (glasses or headsets) could be used to display the 3DGS models.
TR 26.928 [aa] alignment (informative): This use case maps to interactive 6DoF streaming with optional split compute/rendering at the edge; downloaded media with local interactivity may apply when scenes are cached for offline revisit.
[bookmark: _Toc214542880]5.3.2	Working assumptions
This section outlines the end-to-end processing chain, emphasising adaptive delivery and device capability requirements.
-	Acquisition and content generation
-	The capture and the generation of large 3DGS scenes are not addressed in this use case.
-	Based on the 3DGS models, the region-based parts of the 3DGS scenes are generated for adaptive delivery.
-	Compression and packaging
-	3DGS tilesd (defined in clause X) with different LODs are serialized into a delivery format with signalling for spatial and LOD indices and dependencies.
[Editor’s note: workflow is expected to be documented because it has different uplink/downlink traffic and latency profiles according to the precision per LOD and 3DGS tiles.]
[Editor’s note: characterize which Gaussian parameters need to be signalled (position, scale, orientation, color, spherical harmonics, opacity, etc.) and what level of precision and number of gaussians is required for acceptable quality meeting the EU's performance capabilities. This directly impacts file size and bitrate] 
[Editor’s note: To be considered whether existing 3GPP media delivery frameworks (e.g. MMS, messaging, file transfer) may carry a static 3DGS models without new protocol work, or whether new signalling is needed]
-	Transport and delivery
-	Interactive delivery and predictive prefetch; edge-assisted content hosting is recommended for latency control. 
-	Latency targets are tighter due to interactive navigation; buffering strategies aim to minimise latencies and popping visual artifacts
-	Decoding and decompression
-	The UE parses the 3DGS tile indices, fetches/decompresses the 3DGS chunksdata, and manages GPU residency for active 3DGS tiles.	Comment by Eric Yip: We haven’t defined chunks in the TR, changed to a more generic term “data”.
-	Rendering
-	Real-time splat-based renderer on mobile GPU with 3DGS tile/(LOD) switching and temporal stability safeguards.
-	Navigation is constrained to the allowed-view volume derived from the capture information.
-	Navigation may be further constrained to collision detection with 3DGS objects in the scene. For example, by analysing the local splats density or using objects bounding boxes, or with a pre-defined authorized navigation area.
[Editor’s note: how “allowed navigation volume” is expressed to the receiver for safety, privacy, and quality reasons]

* * * 3rd Change * * * * (all new text)
[bookmark: _Toc214542869]X.	3DGS encapsulation and delivery formats
[bookmark: _Toc214542874]X.1	Introduction
As a representation format for 3D media, 3D Gaussians support large scalability in terms of the real-size volume of the scene represented, as well as the number of 3D Gaussians which can be used to represent the scene or object. For this reason, it is important that a 3DGS encapsulation and/or delivery format supports certain requirements to enable 1) the position based random access of 3D Gaussians and 2) the delivery and/or rendering of different levels of detail (LODs) for the scene.
Spatial random access and LOD are non-orthogonal in the sense that the same spatial volume of a scene may have different sets of 3D Gaussians which each represent a different LOD.
The criteria to identify the spatial volume of the scene required at any given time is dependent on the user’s pose (position and orientation), which may be further expressed as a viewing frustum (or virtual camera) located at that pose. In addition to pose information, a viewing frustrum also includes details on the horizontal and vertical field of views, as well as a viewing distance measured via the depth of the viewing frustum. Once the spatial volume required is identified through this viewing frustum, the 3D Gaussians required can be identified, delivered, and rendered. It is the correlation between this spatial volume, user frustrum and the identification of the required 3D Gaussians which give rise to the requirements of spatial random access and LOD.
The mechanisms to support spatial random access and LOD are relevant to both 3DGS rendering and 3DGS delivery. Partial spatial rendering of a large 3DGS scene increases UE device computation efficiency, whist partial spatial delivery reduces the amount of 3DGS data required to be delivered between the network and the UE at any given time.
X.2	Requirements
To support the efficient data access and delivery of 3DGS data, the following encapsulation and delivery requirements related to 1) the position based random access of 3D Gaussians and 2) the delivery and/or rendering of different levels of detail (LODs) for the scene, are identified:
1.	A method to identify 3DGS data of a scene into 3D Gaussian sets to enable the association of 3D Gaussians at different levels of detail with certain spatial volumes in that scene.
2.	Through the association above, a method to identify and access at different levels of detail, the required 3D Gaussians using the user’s frustrum, for efficient delivery, access and rendering.
X.3	3DGS tiles
One method to associate spatial volumes with 3D Gaussians in a scene is by defining 3DGS tiles.
A 3DGS tile is a spatial volume of the scene represented by a specific bounding volume, containing a set of 3D Gaussians for a given level of detail (LOD).
[Editor’s Note: More details needed.]
X.4	Compression aspects for investigation
Encapsulation and delivery formats are inherently related to the technologies used to compress 3DGS representation data. To ensure the support of 3DGS spatial random access and LOD for rendering and delivery, the following should be investigated regarding 3DGS compression technologies:
1.	The ability to support a certain degree of LOD and partial spatial data delivery without optimizing the compression process based on the same.
2.	(Compression of 3DGS data optimized for LOD support and partial spatial delivery.  

* * * End of Changes * * * *

