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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the study item of LTE-based 5G terrestrial broadcast [1], the objective is to identify the relevant requirement in TR 38.913 for dedicated broadcast network and capture the gap analysis and potential solutions (if needed) to meet the broadcast requirements in a TR. 
The requirements were analyzed and discussed in RAN1#94bis meeting. For the requirements involving simulation, corresponding scenarios and related simulation assumptions were discussed and some agreements were achieved [2]. In addition, spectral efficiency was agreed to be a performance metric for evaluation. However, it is worth to note that there is no spectral efficiency requirement defined in TR 38.913 [3].
This contribution provides the expected spectral efficiency for each interested scenarios from operator’s perspective. 
Spectral efficiency requirement for each scenarios
It was agreed that to prioritize the scenarios highlighted in Table 1 and strive towards providing the complete set of simulation results. The related simulation parameters for each scenarios refers to the chairman notes from RAN1#94bis [3]. 
[bookmark: _Ref528088705]Table 1: Scenarios for prioritization
	 
	MPMT
	HPHT-1
	HPHT-2
	LPLT

	Rooftop
	QC, BBC, ABS, HW
	QC, BBC
	 ABS, HW
	 ABS, HW

	Car-Mounted
	QC, BBC, ABS, HW
	 BBC
	 HW
	BBC, ABS, HW

	In-Car Handset
	 BBC, ABS, HW
	 
	 HW
	QC, BBC, ABS, HW

	Indoor
	 ABS, HW
	 
	ABS, HW 
	ABS, HW



Overall, there are three principles that are considered when determining the spectral efficiency requirement: 
· Principle 1: In general, there shall be a basic spectral efficiency requirement for the broadcast service regardless of scenarios to be deployed in, which targets to provide a basic broadcast service, e.g., standard definition TV (SDTV). 
· Principle 2: A higher special efficiency than the basic one is defined to present the service differentiation, e.g., high definition (HD) versus standard definition (SD) services, depending on the deployed scenario or other factors.
· Principle 3: The spectral efficiency achievable by LTE techniques shall not be lower than that is achieved by the techniques adopted by the existing networks. For convenience of comparison, each of scenarios defined in Table 1 is associated with the one deployed or discussed in the existing networks as close as possible and use the counterpart spectral efficiency as the lowest requirement. 
Taking the three principles above into account, the spectral efficiency requirements can be determined as below:
1) Basic spectral efficiency
In Table 6.1.6-1 of TR 38.913 [3], the requirement of data rate for the extreme long range deployment scenarios is provided, where the cell range is 100km and UE speed is up to 160 km/h. This requirement of the data rate could be used to determine the basic spectral efficiency requirement.
The data rate defined in TR 38.913 [3] is up to 2 Mbps which corresponds to 1-2 sets of 720p SDTV signals for stationary and 384 kbps which corresponds to 1 set of 480p TV service for mobile, so the basic spectral efficiency requirement for stationary and mobile could be 0.2 bps/Hz and 0.04 bps/Hz, respectively.
2) MPMT & Rooftop/Car-Mounted
In these scenarios, the BS antenna height and ISD are similar to the implementation of DTMB, so the requirements for spectral efficiency are determined referring to DTMB.
· MPMT & Rooftop: The maximum data rate for DTMB with fixed reception is 32.486 Mbps in Table 7 of [4], which are present as Table 3 in Appendix, and the spectral efficiency is 4.1 bps/Hz.
· MPMT & Car-Mounted: 4QAM and 0.4 coding rate should be selected considering the Doppler frequency shift caused by the moving speed of up to 250km/h based on Table 4 of [4], which are present as Table 4 in Appendix. Then the maximum data rate is 5.414 Mbps, and the corresponding spectral efficiency is nearly 0.7 bps/Hz. In addition, a trial of car-Mounted scenario with Shanghai Oriental pearl TV Tower shows a spectral efficiency of about 1-2 bps/Hz, for which the detailed parameters for this trial are listed in Table 5. This trial is close to the MPMT & Car-Mounted scenario, but the receiver velocity is about 80 km/h in the trial that is lower than the required 250 km/h, so the requirement of 0.7 bps/Hz is reasonable for 250 km/h in the MPMT & Car-Mounted scenario.
3) HPHT-1/HPHT-2 & Rooftop/Car-Mounted
In this scenario, the BS antenna height and ISD are similar to the implementation of DVB-T2. The requirements for different scenarios are determined referring to [5], and implementation parameters for rooftop, portable and mobile scenarios are listed in Table 6 and Table 7 in Appendix for reference.
· HPHT-1/HPHT-2 & Rooftop: The fixed rooftop reception scenario with the maximum coverage area extension in Table 6 is more similar to the HPHT scenario with large ISD. The data rate for this scenario is 16.7 Mbit/s, and the corresponding spectral efficiency is 2.1 bps/Hz.
· HPHT-1/HPHT-2 & Car-Mounted: The scenario 8 with low data rate in Table 7 is for audio/mobile TV. Considering the moving speed of 250 km/h for Car-Mounted scenario, the FFT mode of 2k is more reasonable. Taking the allowable combinations of FFT and other parameters into account, the parameters for Car-Mounted scenario are listed in Table 8 in Appendix. The data rate is 6.1 Mbit/s, and the corresponding spectral efficiency is 0.8 bps/Hz.
4) LPLT & Rooftop
In RAN#71, a new work item “eMBMS enhancement for LTE” [6] was introduced, and the requirement of spectral efficiency for large SFN delay spread environment (e.g., 15km or larger inter-site distance ) is 2 bps/Hz. For LPLT & Rooftop scenario, the requirement of 2 bps/Hz applies.
5) LPLT & Car-Mounted
For this scenario, the requirement for spectral efficiency can be determined by comparing with rooftop scenario. Assuming the same decrease between Car-Mounted and Rooftop for MPMT and LPLT scenarios, the spectral efficiency for LPLT & Car-Mounted should be 0.34 bps/Hz. Similarly, the spectral efficiency is set as 0.76 bps/Hz compared with HPHT and LPLT scenarios. Taking the average of two spectral efficiencies seems  practical, so that the spectral efficiency requirement can be set as 0.55 bps/Hz.

Based on the analysis for each scenario and the related assumptions setup, the expected spectral efficiency numbers are summarized in Table 2.
[bookmark: _Ref528090624]Table 2: Expected spectral efficiency for each of scenarios (unit: bps/Hz)
	 
	MPMT
	HPHT-1
	HPHT-2
	LPLT

	Rooftop
	4.1
	2.1
	2.1
	2.0

	Car-Mounted
	0.7
	0.8
	0.8
	0.55

	In-Car Handset
	0.04
	0.04
	0.04
	0.04

	Indoor
	0.2
	0.2
	0.2
	0.2



Proposal: Capture the spectral efficiency requirements as summarized in Table 2 into TR 36.776.
Conclusion
This contribution based on the agreed scenarios and related simulation assumptions provides the expected spectral efficiency requirements, which are summarized in Table 2 and leads to the following proposal:
Proposal: Capture the spectral efficiency requirements as summarized in Table 2 into TR 36.776.

References
[bookmark: _Ref167612875][bookmark: _Ref167612671][bookmark: _Ref525910471][bookmark: _Ref497403481]RP-181706 (revision of RP-181342), “Revised SID on LTE-based 5G Terrestrial Broadcast,” Qualcomm Incorporated, RAN#81, Gold Coast, Australia, Sep 10- 13, 2018.
[bookmark: _Ref528088041]RAN1#94bis Chairman notes, Chengdu, China. 
[bookmark: _Ref524966456]TR 38.913, “Study on scenarios and requirements for next generation access technologies,” v14.3.0 (2017-06).
[bookmark: _Ref528837717]GB/T 26666--2011; “Implementation guidelines for transmission system of digital terrestrial television broadcasting”; 2011.
[bookmark: _Ref528775749]ITU-R BT.2254-2; “Frequency and network planning aspects of DVB-T2”; ITU; November 2014.
[bookmark: _Ref528860963]RP-160675, “New WID: eMBMS enhancements for LTE“, Ericsson, Qualcomm Inc. Nokia Networks, EBU; 3GPP RAN #71, Goteborg, Sweden, March 2016.

Appendix
[bookmark: _Ref528786508]
[bookmark: _Ref528855426]Table 3: System payload data rate (Mbit/s) [4]
	Signal frame length
	4200 symbols

	FEC efficiency
	0.4
	0.6
	0.8

	mapping
	4QAM-NR
	\
	\
	5.414

	
	4QAM
	5.414
	8.122
	10.829

	
	16QAM
	10.829
	16.243
	21.658

	
	32QAM
	\
	\
	27.072

	
	64QAM
	16.243
	24.365
	32.486



[bookmark: _Ref528856320]Table 4: dynamic multipath performance [4]
	Mapping type
	FEC efficiency
	


for 
	
 for


	
The speed (km/h) corresponding for 

	
	
	
	
	65 MHz
	200 MHz
	500 MHz
	700 MHz

	4QAM
	0.4
	6
	162
	2692
	875
	350
	250

	16QAM
	0.4
	12
	134
	2226
	724
	290
	207

	4QAM
	0.6
	10
	148
	2459
	799
	320
	228

	16QAM
	0.6
	17
	116
	1927
	626
	251
	179

	4QAM-NR
	0.8
	6
	162
	2692
	875
	350
	250

	4QAM
	0.8
	14
	123
	2044
	664
	266
	190



[bookmark: _Ref528921759]Table 5: Parameters for Shanghai Oriental pearl TV Tower trial
	Parameter
	Value

	Transmitter Power
	1000 W

	Transmitter antenna height
	420 m

	Receiver antenna height
	2 m

	Receiver antenna gain
	3 dBi

	Receiver velocity
	About 80 km/h

	Coverage
	About 50 km



[bookmark: _Ref528858145]Table 6: Overview of the rooftop implementation scenarios [5]
	Implementation
	Fixed rooftop reception 
MFN 
(UK mode)
	Fixed rooftop reception (maximum coverage area extension)
	Fixed rooftop reception
Limited area SFN 
(GE06 Allotment)
	Fixed rooftop reception
Large area SFN

	Scenario
	1
	2
	3a
	3b

	Bandwidth
	8 MHz
	8 MHz
	8 MHz
	8 MHz

	FFT mode
	32k
	32k
	32k
	32k

	Carrier mode
	Extended
	Extended
	Extended
	Extended

	Scattered pilot
pattern
	PP7
	PP2
	PP4
	PP2

	Guard interval
	1/128
(28 µs)
	1/8
(448 µs)
	1/16
(224 µs)
	1/8
(448 µs)

	Modulation
	256‑QAM
	16‑QAM
	256‑QAM
	256‑QAM

	Code rate
	2/3
	2/3
	2/3
	2/3

	C/N
	19.7 dB
	11.6 dB
	20.5 dB
	20.9 dB

	Data rate
	40.2 Mbit/s
	16.7 Mbit/s
	37.0 Mbit/s
	33.4 Mbit/s



[bookmark: _Ref528858147]Table 7: Overview of the portable and mobile implementation scenarios [5]
	Implemen-tation
	Portable 
reception
(maximum data rate)
	Portable 
reception
(maximum data rate, 
alternative)
	Portable 
reception
(maximum coverage area extension)
	Portable reception
(optimum spectrum usage)
	Mobile 
reception
Band III
	Mobile 
reception
Band III
(alternative)
	Portable and mobile
reception
(common usage of MUX by different services)

	Scenario
	4a
	4b
	5
	6
	7a
	7b
	8

	
	
	
	
	
	
	
	high data
rate
	low data
rate

	Bandwidth
	8 MHz
	8 MHz
	8 MHz
	8 MHz
	1.7 MHz
	1.7 MHz
	8 MHz

	FFT mode
	16k
	32k
	16k
	16k
	4k
	4k
	8k

	Carrier mode
	Extended
	Extended
	Extended
	Extended
	Normal
	Normal
	Extended

	Scattered pilot
pattern
	PP3
	PP4
	PP3
	PP1
	PP2
	PP1
	PP1

	Guard interval
	1/8
(224 µs)
	1/16
(224 µs)
	1/8
(224 µs)
	1/4
(448 µs)
	1/8
(278 µs)
	1/4
(555 µs)
	1/4
(224 µs)

	Modulation
	64‑QAM
	64‑QAM
	16‑QAM
	64‑QAM
	16‑QAM
	16‑QAM
	64‑QAM
	16‑QAM

	Code rate
	2/3
	2/3
	1/2
	2/3
	1/2
	1/2
	2/3
	1/2

	C/N
	17.8 dB
	17.8 dB
	9.6 dB
	18.2 dB
	10.0 dB
	10.0 dB
	18.2 dB
	10.0 dB

	Data rate
	26.2 Mbit/s
	27.7 Mbit/s
	13.1 Mbit/s
	22.6 Mbit/s
	2.5 Mbit/s
	2.2 Mbit/s
	22.4 Mbit/s
(max)
	11.2 Mbit/s
(max)




[bookmark: _Ref528860326]Table 8: parameters used for HPHT-1/HPHT-2 & Car-mounted
	Scenarios
	HPHT-1/HPHT-2 & Car-Mounted

	Bandwidth
	8 MHz 

	FFT mode
	2k

	Carrier mode
	Extended

	Scattered pilot pattern
	PP2

	Guard interval
	1/8

	Modulation
	QPSK

	Code rate
	1/2

	Data rate
	6.1 Mbit/s
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