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[bookmark: _Toc90460497]5.5	Low-Latency Production with 5G mmWAVE
mmWAVE is also known as Frequency Range 2 defined in RAN specifications, which covers the spectrum above 24GHz. At WRC-2019 in November, several new frequency ranges were identified for IMT, to be used by IMT-2020 (5G). These encompassed many of the existing 3GPP-bands plus some new spectrum ranges:
- 	24.25–27.5 GHz
-	37–43.5 GHz
-	45.5–47 GHz
-	47.2–48.2 GHz
-	66–71 GHz.
Since Release 15, 5G mmWAVE technology, as part of 5G NR specifications, is well defined in 3GPP. It’s allowing users to access the full potential of 5G by utilizing untapped frequency bands above 24 GHz. This abundant spectrum can deliver the fastest available speeds, extreme capacity and low latency. 
3GPP has done several studies on the channel model for frequency spectrum above 6 GHz, e.g. in TR 38.900 [54]. According to [52], extreme higher propagation loss and penetration loss in mmWave spectrum is expected, and the frequency is sensitive to blockage, e.g. foliage, human body. However, again according to [52], performance tests for mmWAVE provide extraordinary KPIs:
- 	14.7/3 Gbps cell peak throughout (DL/UL) using an 800 MHz spectrum
-	One-way user plane latency between 1 to 1.5ms
-	Farthest access distance: 2.6 km in line-of-sight with few small trees.
According to [55], commercial 5G modems support mmWAVE as well dual connectivity and upload speeds of 2.2 Gbps can be achieved in FR2 400 MHz (on n261) and FR1 100 MHz (n77). According to [54], mmWave bands can accommodate more capacity and bandwidth than any other band. And since spectrum in these bands is abundant, mmWave spectrum is ideally placed to deliver high speeds, low latency and high capacity, all at the same time. The short wavelength of mmWave allows for very small antennas, which helps with beam forming for enhanced coverage and spectral efficiency. Promoted by the whole industry, 5G mmWAVE commercialization grows rapidly. Until May 2021, GSA’s report [51] indicated that twenty-eight operators in 16 countries/territories are known to be already deploying 5G networks using mmWave spectrum on 24GHz.
Based on this analysis, mmWAVE is an attractive technology for production scenarios that typically rely on fully wired data rates. In particular, interactive video production scenarios require extreme low latency, as they allow video directors controlling cameras in almost realtime video. Typically, light weight compression codecs (e.g. JPEG-XS [50]) are used. In some field test, JPEG-XS could achieve less than 3ms camera-to-screen latency with PTP time synchronisation. Even without PTP time reference, it only requires 1 frame (25ms for 50 FPS) buffered for timing and the camera-to-screen latency is less than 28ms. 
To achieve “Master Copy” quality, the preferred compression rate is between 1/8 – 1/12 which requires 1Gbps – 1.5Gbps transmission capacity for UHD video. Realistically, according to [55], for UHD at least 150 MBs are needed and for 8K more than 800 Mbps are needed. Due to large payload, light weight compression is transmitted via SDI cable and Ethernet before 5G commercialization. 5G mmWAVE is capable to provide several Giga bits-per-seconds data transmission with large bandwidth, and this could be leveraged to replace the Ethernet to transmit light weight compressed video signals. An example setup for mobile tele-studio is shown in Figure 5.5-1.
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Figure 5.5-1 Mobile telestudio scenario with 5G mmWAVE
=====  CHANGE  =====
6.9	Key Issue #8: Usage of mmWAVE for Low-Latency Production
As introduced in clause 5.5, a lightweight compression codec is typically used to achieve Low-Latency Production and is currently transmitted via SDI cable and Ethernet. 5G mmWAVE is capable to provide the sufficient large data rate, but the wireless channel fluctuation may challenge service quality in particular mmWAVE spectrum is prone and sensitive to propagation & penetration loss as well as to blockage by objects and human bodies. To better utilize the wireless channel reflection and scattering, 3GPP defines advanced beam management as well as multi-carrier operation [52]. 
Nevertheless, to operate production scenarios at several 100 Mbit/s on top of mmWAVE, content delivery protocols and oodecs are needed that can compensate the mmWAVE channel characteristics, support high reliability and achieve the high bitrate as shown in Figure 6.9-1.
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Figure 6.9-1 Protocol architecture – Mobile Tele-studio
At least the following techniques should be considered for mmWAVE based content delivery protocols:
· Adaptive bitrate encoding. Dynamically adjusting bitrate encoding could change the quality of encoded bit quality according to the channel variantion.  
· Packet reordering. Wireless channels change rapidly and mobile system usual employs HARQ at physically layer to retransmit the missing data blocks. The packets sent earlier may arrive after the packets sent late due to different retransmission times. This might lead to wrong orders of packets and further errors at decoder. The decoder could buffer the received packets and reorder them in case of missing original orders.   
· Error correction. FEC, ARQ, and Frame repairing are usually used to compensate the transmission errors. FEC transmits additional redundant coded bits and would require extra channel bandwidth and memories for error corrections. ARQ would introduce latency by retransmission which is not suitable for Low-Latency Production. Frame repairing is to repair the error packets by interplorating the neighboring correct packets, which doesn’t require additional bandwidth or latency. Among these three techniques, if the errors happen occasionally, Frame repairing can maintain the similar bit rate and latency performance as Ethernet. 
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