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1. Introduction
In RAN#71 a new work item (WI) named eMBMS enhancement for LTE [1] was introduced. The objectives of the WI include the support of longer CP, additional MBSFN subframes, and study standalone carrier. In this document we provide our views on design options for supporting longer CP lengths for MBSFN subframes.

2. Design options
Legacy LTE MBSFN subframes support a cyclic prefix up to 33.3us. While this CP accommodates most of the propagation delay and multipath in a typical cellular scenario, it is not enough to cover the propagation delay in rural areas with larger eNB inter-site distances. We propose some possible choices for CP lengths and give their associated numerology. Additionally, we look at reference signal design alternatives for each cyclic prefix choice. 
2.1. Cyclic Prefix Lengths
For this contribution, we consider 5 new CP lengths: 66.7us, 100us, 133.3us, and 200us. The 66.7us and 133.3us choice are derived from the existing standardized 16.7us and 33.3us CP lengths through simple scaling by factors of 2 and 4 respectively. The 100us and 200us CP lengths have additionally been added and have been chosen because their symbol durations complement well with the existing 1ms subframe numerology. We provide all of the associated numerology for a 10MHz BW configuration for each of the CP lengths in Table 1 below.
	CP Length
	66.6us
	100us
	133.3us
	200us

	Symbol Length
	333.3 us
	500us
	666.7us
	1ms

	Tone Spacing
	3750Hz
	2500Hz
	1875Hz
	1250Hz

	Num usable tones
	2400
	3600
	4800
	7200

	FFT size
	4096 = 212
	6144 = 3*211
	8192 = 213
	12288 = 3*212

	Num REs per 180kHz RB
	48
	72
	96
	144

	Num OFDM syms per 1ms SF
	3
	2
	1.5
	1


[bookmark: _Ref450804139]Table 1: Numerology of selected extended CP lengths for consideration
While the symbol lengths of the 66us, 100us, and 200us CP lengths divide evenly into a 1ms subframe, the symbol length associated with the 133.3us CP length does not. While this alone does not prevent its usage within the existing LTE legacy numerology it does place constraints on how MBSFN subframes are allocated which may not be desirable. Additionally, it should be noted that the FFT sizes used for implementation of the 100us and 200us CP lengths are not powers of 2 but do include an additional factor of 3. Based on the given set of numerologies, it would be best to focus on the 66us, 100us, and 200us CP lengths. The 133.3us CP length should be considered only if simulation shows that it provides a performance benefit that is lacking in the other choices of CP lengths.
Proposal #1: For this study, consideration should be given to the 66us, 100us, and 200us CP lengths.

2.2. MBSFN reference signal design
Similarly to CRS and legacy MBSFN reference signals, we propose to use a staggered structure for the demodulation reference signals. An example reference placement is shown in Figure 1 with two staggers at OFDM symbols 0 and 4 with a stagger period of 8 symbols and a tone spacing of 3 tones. Similar to legacy, we assume a two stagger configuration as shown.


[bookmark: _Ref450806850]Figure 1: Example Reference Signal Placement for MBSFN Transmission

The reference signals should be designed taking into account the assumptions on the maximum resolvable delay spread, maximum Doppler, as well as reference signal control overhead. First, we must ensure that the chosen tone spacing allows the UE receiver to resolve channel delay spreads that are as long as the CP length. Additionally, we may compute an estimated maximum speed based on the stagger period and MBSFN OFDM symbol duration. Smaller stagger periods will result in a larger speed tolerance; however, it comes at the expense of additional pilot overhead.
For a given configuration, we can determine both the measurable channel delay spread, the estimated maximum speed, as well as the MBSFN reference signal overhead:

(1)  Measurable Channel Delay Spread = 1/(MBSFNToneSeparation * ToneSpacing)
Here we choose the MBSFN ToneSeparation such that the Measurable Channel Delay spread exceeds the CP length.
(2)  Estimated Maximum Speed = 1/(5.5 * StaggerPeriod * OFDMSymbolDuration * CarrierFrequncy / c)
Here we relate 70% coherence time to the Estimated Maximum Speed. We choose the CarrierFrequency of 700MHz and c equals the speed of light.
(3)  Refererence Signal Overhead = 1/(StaggerPeriod * MBSFNToneSeparation)
In Table 1, we tabulate these parameters as a function of the MBSFN Tone Separation and Stagger Period parameters for each of the CP lengths of interest.

	CP Length (us)
	MBSFN Tone
Separation
	Measurable Channel Delay Spread (us)
	Stagger Period
	Estimated Maximum Speed (km/Hr)
	Reference Signal Overhead

	

66.6us
	

3
	

88.9us
	2
	439.6
	16.7%

	
	
	
	3
	293.1
	11.1%

	
	
	
	4
	219.8
	8.3%

	
	
	
	5
	175.8
	6.7%

	
	
	
	6
	146.5
	5.6%

	
	
	
	7
	125.6
	4.8%

	

100us
	

4
	

133.3us
	2
	293.1
	12.5%

	
	
	
	3
	195.4
	8.3%

	
	
	
	4
	146.5
	6.3%

	
	
	
	5
	117.2
	5.0%

	
	
	
	6
	97.7
	4.2%

	
	
	
	7
	83.7
	3.6%

	

200us
	

3
	

266.7us
	2
	146.5
	16.7%

	
	
	
	3
	97.7
	11.1%

	
	
	
	4
	73.3
	8.3%

	
	
	
	5
	58.6
	6.7%

	
	
	
	6
	48.8
	5.6%

	
	
	
	7
	41.9
	4.8%


Table 2: Performance aspects related to choice of MBSFN Reference Signal Parameters

There is a clear inverse relationship between the maximum speed achievable and the reference signal overhead incurred. Also, note that for the very largest CP size of 200us, a much larger reference signal overhead is incurred to achieve a given maximum speed constraint due to its large OFDM symbol duration.
Proposal #3: A selected subset of the reference signal configurations listed above should be considered for further link level simulations. 






3. Summary
This contribution discussed multiple CP lengths and their associated numerologies for consideration in the enhanced MBMS study. Additionally, performance factors affecting the choice of MBSFN reference signal parameters were also discussed. 
The following proposals were submitted for further consideration:
Proposal #1: For this study, consideration should be given to the 66us, 100us, and 200us CP lengths.
Proposal #2: A selected subset of the reference signal configurations listed above should be considered for further link level simulations. 
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