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A new work item has recently been approved in RAN#71 to enhance eMBMS in LTE to better support TV services [1]. One of the objectives is to:
Specify means of using a longer cyclic prefix (e.g. greater than 33.33µs) for use in a mixed unicast/eMBMS carrier for large SFN delay spread environment (e.g. 15km or larger inter-site distance), which guarantees coexistence of the legacy and new prefixes on the same carrier, while achieving a spectral efficiency of at least 2 bps/Hz. This objective includes evaluation. (RAN1)
If eMBMS is to appeal to the broadcast industry as a viable alternative to traditional DVB technologies, then it needs to:
·  handle new DVB specific deployment scenarios
·  be evaluated and developed according to broadcast industry principals
In this contribution we discuss the following:
· Deployment scenarios for eMBMS
· New OFDM Frame Structures
· Simulation assumptions
Deployment Scenarios for eMBMS 
In our view, there are two main scenarios for the eMBMS deployment in the context of TV services:
· Scenario 1: a traditional mobile network operator (MNO) provides TV services in its network
· In this case, it makes more sense for the MNO to leverage the existing cell sites/eNBs, either using part of the existing carriers or adding new carrier(s) to provide eMBMS services.
· When reusing the existing sites/eNBs/antennas, the system is limited to the current maximum transmit power and the antenna configuration at the eNB. So in most typical cellular environments, the supported inter-site distances (ISD) for eMBMS to achieve satisfactory spectral efficiency is not large, typically less than 10km. This can already be supported in physical layer in LTE today. The only missing piece is the higher layer signalling to enable the operation of 33.33 us CP.
· The most relevant case for a large cell size (ISD > 10km) in a mobile network, in our view, would be the rural case, where the path loss can be lower, and the eNB antennas may be higher to support a larger coverage. Even in this case, a rooftop antenna at the receiver (e.g. set-top boxes) may still be needed to make such a large cell size feasible. This will certainly need to be further evaluated.
· If eMBMS with such a large cell size is feasible, even if the operator has deployed denser cell sites, the operator could choose to only upgrade some of these cell sites (hosting eNBs or nodes of other RATs) for eMBMS services, which can greatly reduce the cost.
· Scenario 2: a traditional TV broadcast operator uses LTE technology to provide broadcast TV services
· This would be a replacement of the traditional DVB technologies.
· This is more likely to require the standalone operation of the eMBMS carrier because such an operator typically does not have any existing LTE carriers.
· The broadcast operator would need to initially invest in acquiring/leasing all the sites/eNBs in order to support nationwide level coverage of broadcast TV. With the currently defined eMBMS CPs of 16.67 and 33.33 us, the supportable inter-site distances (ISD) is limited to less than 10km. This would require a heavy initial investment on a large number of sites/eNBs, compared to traditional DVB broadcast systems, where the ISD can be in excess of 30km. This is likely to limit the widespread deployment of eMBMS.
· The broadcast operator may allow a different configuration for the eNB than the traditional MNO. For example, it may allow a higher transmit power (due to different regulations) and may have higher tower (e.g. by reusing some of the existing sites for DVB). These are sometimes referred to as High Power High Tower (HPHT) sites. HPHT sites can potentially provide a much larger coverage, and thus can support a much larger ISD for eMBMS. This in turn would allow the operator to deploy fewer sites and greatly reduce the cost provided such larger ISD can be supported LTE eMBMS.
In both scenarios, increasing the ISD of eMBMS beyond 10 km could potentially provide broadcast operators with a cost effective eMBMS deployment options.
Proposal 1:	Both Scenario 1 (the traditional MNO scenario, especially in rural area) and Scenario 2 (traditional TV operator scenario) should be considered in RAN1 evaluation of longer CP options for eMBMS enhancements, including the possibility of using High Power High Towers for Scenario 2 and/or receivers with access to roof-top antennas.

New OFDM Frame Structures
To accommodate larger ISDs, longer cyclic prefixes are required.  What CP would be necessary depends on the evaluations for the scenarios of interest. As an example, the table below suggests two options for the new numerology to support longer CP. The cyclic prefix of 66.67 us and 100 us can roughly accommodate an ISD of 20km and 30km, respectively.  The parameters have been suggested because they:
· Maintain the total number of REs in one PRB to 144
· MAC/RLC processing for different CPs remains the same
· Keep the overhead of the CP to < 20% of the overall symbol.  
· Increasing it beyond this would reduce peak throughput, beyond the levels considered acceptable.
	New 
Numerology
	Cyclic Prefix (µs)
	Symbol Length (µs)
	Subcarrier Spacing (Hz)
	#Symbols in 1ms
	Subcarriers per 180 kHz

	1
	66.67
	333.33
	3750
	3
	48

	2
	100
	500
	2500
	2
	72


Table 1:  An example of a new numerology supporting longer CP
We suggest that these options are included in the evaluations. Even longer CP can be further discussed.
Proposal 2:  CP of 66.67 us and 100 us are included in the evaluation, based on the numerology proposed in Table 1. 
As a starting point it is suggested that the reference signal patterns for the new frame structures retain the aspect ratio (density at ~ 12.5%) of the existing pattern. It can be left to the companies to provide the exact pattern for the reference signal
Proposal 3:  For new OFDM structures evaluated, the current reference signal density (~12.5%) is used as a baseline.
Performance Metrics and Evaluation Assumptions
Following the eMBMS evaluation methodology in 3GPP [3], the performance metrics include:
(1) Spectrum efficiency [bits/s/Hz] assuming a coverage of 95% of the MBSFN area (i.e. 5% of locations in nominal MBSFN coverage area experience PER of 1% or greater ). This is also aligned with the guidance from the broadcast industry that a 95% coverage probability target is considered necessary for “good” coverage [4].
(2) Maximum ISD assuming a spectrum efficiency of 2 bits/s/Hz according to the above criterion. The value of 2 bits/s/Hz is the requirement from the WID.
Table 2 and Table 3 below contain some suggestions for the simulation parameters that should be considered for evaluation for scenario 1 in rural area and scenario 2, respectively.  

	Parameter
	Value
	Reference

	Carrier frequency
	800 MHz
	

	System bandwidth B
	10 MHz
	

	Path loss
	[Handheld: L= 113.2 + 34.4log10(R)
FFS for rooftop antenna]
	[4]

	Number of tiers generating ISI
	2
	

	Penetration loss
	0 dB
	

	Shadowing
	Standard deviation: σ = 8 dB
	

	Fast Fading
	3-tap simplified:
-0.45dBr@0us,
-10.45dBr@12.5us,
-20.45dBr@27.5us
	

	UE noise figure
	Handheld: 9 dB
Rooftop antenna: 6 dB
	

	Height of transmit antenna
	35m
	

	Transmit antenna gain
	17 dBi 
	

	Transmit antenna pattern
	3-sector directional
	

	Receiver height
	Handheld: 1.5 m
Rooftop antenna: 10m
	

	Receiver cable loss
	0 dB
	

	Receiver body loss
	Handheld: 2 dB
Rooftop antenna: 0 dB
	

	Receiver antenna
	Handheld: 0 dBi
Rooftop: 10 dBi
	


Table 2 Simulation parameters for Scenario 1 (traditional MNO scenario in rural area)
Key points to note about simulation parameters in Table 3:
· They are taken from broadcast industry specifications (hence 600 MHz and path loss model)
· They include the evaluation of HPHT 

	Parameter
	Value
	Reference

	Carrier frequency
	600 MHz
	

	System bandwidth B
	10 MHz
	

	Path loss
	P-1546 v5, time probability: 50%
Terrain model:  Flat
Clutter height around UE: 20m
	[5]

	Number of tiers generating ISI
	2
	

	Penetration loss
	0 dB
	

	Shadowing
	Standard deviation: σ = 5.5 dB
	[6]

	Fast Fading
	1-tap Rayleigh fading channel
	

	UE noise figure
	9 dB
	

	Height of transmit antenna
	LPLT:  37.5 m
HPHT:  150 m
	

	Transmit antenna gain
	LPLT: 20W, 40W or 80W
HPHT: 1 kW, 10 kW 
	

	Transmit antenna pattern
	Omni
	

	Receiver height
	1.5 m
	

	Receiver cable loss
	0 dB
	

	Receiver body loss
	2 dB
	

	Receiver antenna
	-7.35 dBi, omni
	[7]

	Synchronisation method
	Maximum C/I
	[8]


[bookmark: _Ref447289759]Table 3 Simulation parameters for Scenario 1 (traditional MNO scenario)

Conclusions
In this contribution, we discussed several issues relating to the simulation and evaluation of longer cyclic prefixes for eMBMS.  Based on those discussions we have the following proposals:
Proposal 1:	Both Scenario 1 (the traditional MNO scenario, especially in rural area) and Scenario 2 (traditional TV operator scenario) should be considered in RAN1 evaluation of longer CP options for eMBMS enhancements, including the possibility of using High Power High Towers for Scenario 2 and/or receivers with access to roof-top antennas.
Proposal 2:  CP of 66.67 us and 100 us are included in the evaluation, based on the numerology proposed in Table 1. 
Proposal 3:  For new OFDM structures evaluated, the current reference signal density (~12.5%) is used as a baseline. 
Proposal 4: 	RAN1 consider the simulation assumptions presented in Table 2 and Table 3.
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