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1. Introduction
ISAR covers almost all 3DoF audio rendering techniques, such as listener head tracking, object position panning and room acoustic synthesis, aims at leading next generation audio technology. ISAR consumes multi-channel, ISM, SBA, MASA, and their combination. It renders above signals into output audio that includes binaural and loudspeaker format. 
ISAR can be used not only in call, broadcast, but also suitable for XR, games. However, ISAR just supports some common rendering abilities. When sound fields are rendered by ISAR, each item should be fixed in original orientation except for ISM. In single screen rendering scenario, if there is only one input sound field or all sound fields are rotated by the same angle, users can get rotated sound effects by reversely rotating listener head instead. But as far as multiple inputs, when each sound field has a different rotation angle, they must reproduce input signals to match the requirements.
[bookmark: heading_3][bookmark: _Toc166504787][bookmark: _Toc166594471]2. References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
· For a specific reference, subsequent revisions do not apply.
· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
1. 3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
2. 3GPP TR 26.865: "Immersive Audio for Split Rendering Scenarios; Requirements"
3. 3GPP TS 26.253 V1.0.0: "3rd Generation Partnership Project; Technical Specification Group Services and System Aspects; Codec for Immersive Voice and Audio Services; Detailed Algorithmic Description incl. RTP payload format and SDP parameter definitions (Release 18) "
4. 3GPP TS 26.249: "Immersive Audio for Split Rendering Scenarios"
[bookmark: heading_4][bookmark: _Toc166504788][bookmark: _Toc166594472]3. Terms and abbreviations
[bookmark: heading_5][bookmark: _Toc166504789][bookmark: _Toc166594473]3.1 Terms
For the purposes of the present document, the terms given in TR 21.905 [1], TR 26.865 [2], and TS 26.253[3], and TS 26.249 [4] apply.
[bookmark: heading_6][bookmark: _Toc166504790][bookmark: _Toc166594474]3.2 Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1], TR 26.865 [2],  and TS 26.253[3], and TS 26.249 [4] apply.
[bookmark: _Toc166504791][bookmark: _Toc166594475][bookmark: heading_7]4. Problems to be solved 
[bookmark: heading_8][bookmark: _Toc166504792]In single screen rendering scenario, the existing rendering solution can meet the requirements of sound field rotation. However, in more general rendering scenarios, especially in mixed reality applications, the existing rendering solution is no longer applicable. These scenarios include:
1. The orientation of input sound fields might be changing over time. 
2. In multiple screen rendering scenarios, there does not exist a unified transformation relationship to meet different rotation angles of each sound field for each screen. 
To sum up, current ISAR solution has no ability to rotate multiple sound fields independently.
[bookmark: _Toc166594476]5. Proposal Techniques
[bookmark: heading_9][bookmark: _Toc166504793][bookmark: _Toc166594477]5.1 Overview
In this proposal, we introduce independent rotation of multiple sound fields techniques, which helps to resolve the problems raised in section 4. Users who want to render rotated sound fields just need to change their orientation parameters, so users can render 3D audio more flexible without reproducing sound field content. Moreover, multiple screen rendering scenarios could be easily achievable.
Each input sound field can be rotated independently, users can change input sound field orientation during real-time rendering. The schematic diagrams of differences between current ISAR solution and ISAR with independent rotation of multiple sound fields shown as figure 1 and figure 2.
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Figure 1: ISAR rendering multiple sound fields with fixed orientation.
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Figure 2: ISAR rendering multiple sound fields with independent orientation.
In above figures, rotated sound fields can be SBA, MASA, Multi-Channel, and their combination.
Usually, quaternion or Euler angle is used to represent the orientation of sound field. Here we use Euler angle to denote it. The orientation is denoted at , and the relationship between original sound field and rotated sound field described below.
[bookmark: _Toc166594478]5.2 SBA Rotation
For SBA, we derive a collection of rotation matrices, denoted by  , which, when applied to a set of ambisonics signals, rotate the sound field around the listener. That is, given a column-major matrix of ambisonics signal S, the rotated ambisonics signal is given by: 

Where  represents ambisonic rotation matrices,  represents ambisonic signal order.  represents original ambisonic signal,  represents rotated ambisonic signal.
We denote the elements of Q as  and arrange them as follows:
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For variable yaw rotation, the first rotation matrix we derive is for an arbitrary azimuthal (yaw) rotation around the z-axis. Given a desired rotation angle , we denote the corresponding rotation matrix as , with elements given by
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The locations of possible nonzero elements of this matrix are illustrated in Figure 3
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Figure 3. Graphical illustration of the locations of possible
nonzero elements of the rotation matrix for an arbitrary yaw rotation
Moreover, pitch rotation and roll rotation can be formed by sequence of fixed angle pitch rotations and yaw rotations.
[bookmark: _Toc166594479]5.3 MC Rotation
For multi-channel, there are two ways to achieve sound field rotation. One is rotate the whole sound field by a panning matrix like Q in SBA rotation. The other one is rotating each channel for ,, and then rendering each channel as ISM. Take 5.1 layout audio rotation for example, we use the second method to rotate the sound field. The new orientation of each channel equals their original orientation plus the rotation angle that needs to be rotated, then send each channel audio into renderer as ISM. The new angle of each channel is given by:






Where  represents channel direction of MC,  represents rotation angle.
[bookmark: _Toc166594480]5.4 MASA Rotation
For MASA, we first render it to SBA or MC intermediate representation, then rotate this intermediate SBA or. The renderer of ISAR can process MASA format conversion.
[bookmark: _Toc166594481]5.5 Simultaneous sound field input
When having multiple sound fields input simultaneously, we rotate them using the following procedures:
· Rotate input sound fields individually according to their type and rotation.
· For each type of sound field, add the rotated sound field signal together to form multiple rotated sound field buses.
· Render the summed, rotated sound field signal to target output hardware, including headphones and loudspeakers.
[bookmark: heading_15][bookmark: _Toc166504799][bookmark: _Toc166594482]6. Examples
In this example, we have multiple screens rendering, each with their own input sound field. In this scenario, SBA and MC are two input sound fields of ISAR, and there are two screens in this scenario. The playback of SBA should be synchronized with the left screen, and SBA together with MC should be synchronized with the right screen. The two screens are located in different directions of this scenario as figure 4.
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Figure 4. Multiple screens rendering with multiple input sound fields.
In this case, the SBA should be rotated by a and then sent to renderer, the MC should be rotated by b and then sent to renderer. Thus, listener will get the correct auditorial impression that sounds coming from the paired screen.
[bookmark: heading_23][bookmark: _Toc166504807][bookmark: _Toc166594483]7. Conclusion
In this doc, we proposed an Independent Rotation of Multiple Sound Fields techniques, users who want to render rotated sound fields just need to change their orientation parameters without reproducing their audio content. The example shows a multiple screen rendering scenarios with multiple sound fields, which proves our proposed techniques is also applicable to complex rendering scenes. Thus, we propose to document our techniques in TS 26.249 [4] under track-B solutions.conclude that our proposed technique is suitable to ISAR.
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