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Introduction
In this contribution, we discuss the head-tracking issues raised in SA4#54 [1] and comment on the approaches suggested in [2], [3].
Proposed Approaches
In [2], the proposed approach to update HRTF is 

· In one scenario, a directory of HRTF may be accessed on a dedicated server. These HRTF can be typically default sets of filters that provide a certain level of quality of service. Users can select their favourite HRTFs by accessing the server. Such centralized service allows guaranteeing a given sound experience when listening over headphones. If the user changes his terminal, he/she just needs to fetch again the HRTFs that he/she already selected.
· In another scenario, one may foresee individualized HRTF, which would improve the sound experience for a specific user. The way to perform the personalisation is out of scope of the study item. However such a use case can be anticipated in the context of surround sound services.
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Figure 1. Clarification on 3GPP scope
The above examples obviously can be further elaborated or completed with new scenarios. Be as it may, the above use case gives strong service justification for providing an interface to Head-Related Transfer Functions (HRTFs) in a surround decoder.
According to this approach, update of HRTF is considered as a process manually controllable by the user. To enable this use case, acoustic information of the headphones necessary to compute HRTF needs to be standardized for each codec and each headphone needs an identifier to access that information.
In [3], the proposed approach to update HRTF is
· Under stationary conditions, this way, when appropriate HRTF filters have been applied, a realistic simulation of a surround sound setup can be obtained. It is however well known that movement of the user, specifically head movements such as rotations, can deteriorate the performance of the surround illusion. This is due to the fact that the spatial image moves with the movement of the user, which is, unlike loudspeaker playback, counterintuitive to human nature.

· One option to resolve such issues is to make use of so-called head-tracking information. In practice this means that the orientation of the head is monitored in real-time by means of a so-called head-tracker. This head-tracker provides information on the orientation of the human head in real-time. This information, e.g. the azimuth of the head can then be employed during HRTF processing to counteract the movements. For example assume the user moved his head +5 degrees clockwise. Then, the HRTF filtering algorithm could employ the HRTFs of [-115, -35, -5, 25, 105] instead of the aforementioned [-110, -30, 0, 30, 110] thereby counteracting the movement. This would give a similar impression as when a user moved his head in a loudspeaker setup with fixed speakers.

· Based on the example provided above, the authors of this document feel that it is important to ensure that the surround sound codec has an HRTF interface, where the HRTF data can be updated during decoding. The definition of the HRTF interface is codec specific and should therefore be specified by the codec itself.
· It is not the intention of the authors to describe the mapping of the multitude of different head trackers to the surround codec. This is illustrated in Figure 1. Within 3GPP aspects such as e.g. head-tracking, HRTF personalization and user/application control of HRTFs should not be specified.
This approach introduces the more general use case of dynamically updating HRTF. This use case necessitates the HRTF database or an entity that updates HRTF to be located inside UEs. Otherwise, excessive two-way delay (from headphone via UE to server containing HRTF DB or HRTF computer) might make the updated HRTF obsolete. Communication cost for maintaining links between UE and server would be prohibitive too. Some adaptation algorithms similar to those used in RAN to synchronize the transmission/reception timings between UE and NB will be required to compensate for the estimation errors, but they should not be within 3GPP’s work scope.
Required Investigation and Standardization Areas

We believe that to update HRTF in the headphone-UE use case, the following areas should be considered.
· Codec-independent interface from headphone to UE to transmit the head location
· Method to reflect headphone specific information in the generation of HRTF
· Data format of head location and transmission rate: fixed rate or event-driven?
· Sensing method to obtain the head location information

· Transmission error probability of head location information
· Expected level of head mobility: sitting (but can be in a vehicle), walking, or running
· Expected amount of computational complexity in the UE
Implementation Example
Considering the difficulties in the update of HRTF, it is no wonder that head-tracking headphones are hardly used even for home theater surround sound systems, let alone the absence of any related standards. In this contribution, we introduce a very rare example of commercial head-tracking headphone and discuss how such functionalities can be translated to UE environments. Figure 2 shows a high-end head-tracking headphone, which consists of three components: the processor, the headphone, and the head-tracking receiver.
The processor, which computes HRTF, is linked via digital cable to a DVD player or an AV receiver. A controller on the headphone enables the size and reflection properties of virtual space to be adjusted. The headphone is constantly transmitting information on its position by ultrasound to the headtracking receiver, which passes the data to the processor for analysis.
This headphone enjoys advantages which cannot be shared by UEs. The head location information is likely to be tailored to all components involved: the headphone, the processor, and the ultrasound link. In addition, UEs have neither the processing capability nor the battery power that would enable continued computation of HRTF.
Typical UEs are provided with standard analog stereo headphones with 3.5 mm Jack plug or can be wirelessly linked to Bluetooth headphones. However, since both wired and wireless interfaces are standardized, low cost headphones can be shared by UEs and other devices such as portable music players, laptops, or standalone electronic devices.
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Figure 2. Beyerdynamic Headzone Home (Photo by courtesy of beyerdynamic GmbH & Co. KG [4])
Comments
This example clarifies the difficulties of head tracking and the necessities of further standardization areas, most of which are out of 3GPP’s work scope. We believe that the management of HRTF is a challenging task that requires the cooperation of multiple industries. Even dedicated audio equipments have yet to use this technology and many key areas remain to be standardized. Note that the use cases in [3] consider more challenging cases than those in Figure 2. We are not even sure whether position of the head can be tracked when the user is moving.
Here we cannot but ask serious questions on whether this technology is mature enough to be considered at 3GPP. In general, multimedia services standardized at 3GPP are lower-quality and higher-cost than their counterparts at fixed networks but the gap is compensated with mobility to some extent. The pattern of standardization is to identify successful multimedia services that use fixed networks, and import them, after reducing the bit rate and enhancing the error resilience, into the set of 3GPP services. By following this pattern, 3GPP has been able to introduce well-proven services often at low cost.
Surround sound using HRTF is being proposed as a higher-quality and higher-cost alternative than existing surround sound based on post processing, but standardized methods to update HRTF as proposed in [2], [3] do not exist yet, let alone the methods to reflect the acoustic characteristics of headphones in the determination of HRTF.
With the apparent absence of basic technological elements essential to the operation of surround sound based on HRTF, we believe that the proposed timeline in [5], in which Section 9 (Conclusion) will be proposal for standardization of a surround sound codec extension, lacks enough evidence to justify the transition to the next step. From our point of view and 3GPP’s work scope, such transition shall only be allowed after proving that the claimed benefits in the use cases of surround decoding and rendering inside UE can be realized at acceptable cost, form factor, and complexity.
Considering the detailed explanations on the use cases involving non-3GPP devices in [6], which also proposes an Annex that explains the connectivity for such cases, and the explanations on the update issues of HRTF in [2], [3], which did not introduce the basic issues explained in this contribution, efforts to complete this TR seem to be used in areas whose priority should be lower.
Rather than such detailed explanations in [6] on how to link UEs to car audio, A/V receiver, or TV using a diverse set of ports or docking stations, many of which might not be available in typical UEs, identification of standardization areas and corresponding organizations to enable the management, i.e., initialize and update, of HRTF, would have been more appropriate. 
Proposal
Considering the limited time until SA4#56, we believe additional requirements to be included in the TR shall be avoided and the use cases involving only 3GPP devices shall be prioritized. Considering the lack of standardized measures to update the HRTF using head tracking devices, the use case of surround decoding and rending in the UE with speakers shall be considered as the most important case. In [7], we only request to specify the physical dimension of speaker setup used in the testing. If certain acoustic specifications are found to be necessary, it is encouraged to introduce such information too.
We also believe that Section 9 Conclusion - proposal for standardization of a surround sound codec extension shall be changed to reflect the technical immaturity of this technology. Section 9 Conclusion – Remaining Works on the Management of HRTF and Head Tracking, in which the unsolved issues such as the required standardization areas are introduced, can be a more appropriate title, considering the remaining works required to manage the key parameters.
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