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During RAN Rel-18 workshop, companies and institutions raised various potential enhancements for Rel-18 NR MBS [1], including enhancements for better SFN support and Optimization for FTA Broadcast [2], etc. Meanwhile, “Evolution for broadcast and multicast services” is considered as one individual topic for further email discussion. In this contribution, we provide our considerations for further enhancements for Rel-18 MBS together with some relevant experiments results.
Initial experimental for 5G NR SFN
It is well-known that the use of Single Frequency Networks (SFN) can provide outstanding coverage, Quality of Service (QoS) and spectral-efficiency improvements, compared to non-SFN, for cases with identical content across multiple cells. One practical requirement from traditional broadcaster is to provide mobile services based on the conventional SFN technology (e.g., inter-DU case). For Public Safety services, the use of SFN is very beneficial for challenging reception conditions, including in-door, especially a network with macro sites and large ISDs in rural parts.
During RAN Rel-18 Workshop, a large number of organizations showed great interests on better SFN support for NR MBS in Rel-18 [3]. However, some companies have concern about the complexity brought by introducing new SCS or CP for MBSFN. Even if the legacy SCS and CP is reused, multicast/broadcast and unicast service may still use different SCS. For example, multicast/broadcast use Extended CP in MBSFN and unicast use Normal CP. To verify the system design and the performance of 5G NR MBS, Communication University of China (CUC), Academy of Broadcasting Planning NRTA and Radio, Film and Television Administration of Guangxi jointly carried out relevant research and experiments. We have developed a prototype trial system following the design principal of 5G NR MBS. Field experiments were conducted on campus, with 5G NR MBS transmitters deployment in three different places. In this contribution, we provide some initial results from relevant experiments.
2.1 Experimental Results of 5G NR SFN
As illustrated in Figure 1, three transmitters are deployed on the top of the building with different marks. Directional antennas are used for the transmitters. Detailed parameters for the test setup are listed in Table 1.
Table 1 Field experiments parameters 
	Parameters
	Value

	Testing Frequency range
	773 MHz

	Carrier bandwidth
	10 MHz

	Base station transmission power 
	2 Watts

	modulation mode
	16QAM、64QAM、256QAM

	MCS
	MCS8-MCS24

	Base stations height
	57m、40m、25m

	Device
	Self-developed Test Unit

	Receiving device location
	In the trolley

	Receiving device height
	1 m

	Receiving conditions
	On-board road test in the trolley

	Testing date
	From June, 2021 to July, 2021


Transmitters and antenna directions
1. Guo zhong building / Northwest
2. Hospital building / Southeast 
3. Academic Building / Northeast
Test Point
1. Building No.52
2. Building No.48 
3. Building No.2 (Indoor reception)
Optical Fiber Delay Line
Delay time adjustment to simulate larger transmitter-spacing (up to ms)
Reception Mode
Portable (fix-point reception)
Pedestrian (under 5km/h)
Omni-directional antenna
Video Content:
Live TV Content: CCTV-4K, CCTV5-HD, Beijing TV HD,
Stream Data Rate: 30Mbps (4k), 9Mbps (HDs)




This NR MBS experiment based on self-developed transmitters deployment is in receive only mode, data transmission on receiving test unit is downlink-only, and PDCCH/PDSCH based SFN transmission is adopted for broadcast in both single cell transmission and multiple cells transmission. Three test points were tested, and 3 transmitters deployed to provide campus coverage. Fig.2 shows a prototypical receiver on the trolley, which receives the video broadcast services from the transmitters.
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Figure 1 Field experiments for 5G NR MBS

[image: ]· Software Define Radio device USRP X310/B210
· SDR concept and software created all by ourself
· Based on C/C++ software for PHY processing
· Minimum configuration for 5G NR L2/L3
· Signal and wireless channel real-time monitoring
· VLC as live video streams decoder and player
· WIFI Unicast/Multicast for non-5G devices



Figure 2 Prototypical Receiver for 5G NR MBS
 
SFN Reception: Identical signals from 2 transmitters in SFN introduce
a 2-path propagation with delay around 4 μs

Figure 3 Reception in the lobby of Building No.2

Initial test results show that test devices can receive video broadcast service with good quality on campus. SFN provides synchronized delivery of user plane packets over the air from different transmitters. A regional MBS area formed by several transmitters with SFN transmission is useful to increase the spectrum efficiency and reliability. Therefore, for MBS deployment in wide area such as live TV/video broadcast scenario, the SFN area consisting of large number of cells is quite useful to achieve better spectrum efficiency. Detailed test results can be found in Table 2, Table 3.
Table 2 Experiments results for southeast route
	Test point
	Maximum receivable MCS
(Active Guo Zhong building Transmitters)
	Maximum receivable MCS
Active All Transmitters

	1 
	21
	23

	2
	22
	23

	3
	19
	21



Table 3 Experiments results for Campus SFN
(No.3 Test Point with Optical Fiber Delay Line)
	Number of Active Transmitters
	Max Channel Delay(μs)
	Power of Transmitters(dB)
	Video Experience

	1
	N/A
	0
	Smooth

	2
	2
	[0, 0]
	Smooth

	2
	4
	[0, -3]
	Smooth

	2
	6
	[0, -6]
	Stalling

	2
	12
	[0, -6]
	Stopped

	3
	2
	[0, -3, -6]
	Smooth

	3
	4
	[0, -3, -6]
	Smooth

	3
	6
	[0, -6, -10]
	Stalling

	3
	12
	[0, -6, -10]
	Stopped



The length of CP has a decisive effect on the coverage of the SFN area. In the experiments, we kept the set of current Rel.16 NR sub-carrier spacings (15kHz SCS) and normal CP (4.66 µs). Initial test results confirm that when the maximum delay exceeds the CP length, the reception quality will be affected. This directly affects the maximum coverage area of MBSFN. Due to the reuse of legacy numerologies in Rel.17 [4], any such SFN will need to be limited in size and/or inter-site distance (ISD). Therefore, consider enhancements of current NR numerologies. For example, allow the CP to be extended from current 4.66µs to 16.66 µs, which implies a distance increased from 1.4 km to 5.0 km. We think it can support extended CP with existing SCS without changing the UE hardware. Extended CP has a great gain for large-scale merging scenarios. Considering the future evolution of MBS, maybe the longer CP should be discussed at the appropriate time.
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Figure 3 Video experiments on Prototypical Receiver

Conclusion
In this contribution, we provide some initial field experimental results about SFN support for MBS. Based on this, we think that the following potential further enhancements for NR MBS should be discussed for NR Rel-18 MBS scope:
Proposal 1: In order to better support different scenarios, the feasibility and necessity of introducing CP extensions should be discussed in Rel-18 MBS Scope.
Proposal 2: In order to better for inter-gNB/DU scenarios, introduce SYNC protocol for the SFN regions synchronization and coordination among different cells with SFN transmission should be included in Rel-18 MBS Scope.
Proposal 3: MBS broadcast optimization for FTA deployment should be included in Rel-18 MBS Scope.
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