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**** First Change ****
6.7.3	Solutions
6.7.3.1	Solution 1: Interfacing circuit switching protocols
[image: ]For circuit-switched audio transmission an adaptive function or protocol converter may be used to interface with the 5G System. This protocol converter is not part of the 5GS, but rather converts the audio in the circuit switching protocols like MADI [38] and SDI [35, 36] into a packet-based protocol like AES67 [40]. In professional audio, these types of devices are broadly available. In Figure 6.7.3.1‑1 the basic principle is shown.
[bookmark: _Ref103069274]Figure 6.7.3.1‑1: Interfacing circuit-switched audio with a 5GS
In the case of MADI, the protocol converter takes care of the active flags within the incoming stream and adapts the channel count and bit depth for generating the AES67 stream. Synchronisation is handled by the protocol converter and has several options:
-	Clock recovery via MADI.
-	External clock source via network (PTP [80]).
NOTE: The clock master selection is highly dependent on the actual deployment and audio network setup.
Supporting the need to clock the protocol converter within the 5GS, the UE may need to act as a PTP boundary clock (acting as master) towards the protocol converter (acting as slave).
In the case of SDI, the protocol converter may convert audio and video simultaneously, e.g. to ST-2110. Thus, the embedded audio in SDI would create the ST-2110-30 packet stream. This is essentially the same as AES67.
6.7.3.2	Solution 2: Interfacing Ethernet-based protocols
The 5G System supports an “Ethernet” PDU Session. This session can be used to transport native Layer 2 Ethernet frames. Audio-over-Ethernet protocols often use their own EtherType (e.g. AVTP) as well as having their own payload definition.
The 5G System can be configured as a transparent bridge in a one-to-one relationship between the UE and the DNN behind the UPF. For more than one UE, the UPF needs to be aware of the UE’s MAC address(es) and routing information. (See clause 5.6.10.2 in [84] for more details.)
The timing requirements for each proprietary Ethernet-based audio protocol have to be met by the 5GS. Additonal QoS service for the Ethernet PDU session is needed.
6.7.3.3	Solution 3: Interfacing IP-based protocols
Audio-over-IP protocols such as DANTE [82] and AES67 [40] can be natively supported by the 5G System. Applying the 5GS QoS framework and connecting the audio data network closely to the UPF may keep the latencies within workable limits.
Service discovery and connection management can be automated at the IP layer if the used Audio-over-IP solution provides such mechanisms. SDP-based service discovery may rely on support for IP multicast, but is not mandatory for successful operation.
Synchronisation between the devices and audio-related services may be guaranteed by utilizing the TSN framework of the 5G System [84], especially the support of PTP packet transportation [80] and boundary clock master support.
6.7.4	Summary
While legacy or circuit switching systems rely on a protocol converter commonly available from professional audio vendors, packet-based audio transport protocols can be interfaced directly to the 5G System.
The 5G System needs to provide the necessary network Quality of Service for the audio transmission as well as appropriate synchronization support.
Configuration and resource management in a Non-Public Network context can be optimized for an audio network over the 5G System.
**** Last Change ****
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