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1
Introduction
In RAN#71 a new work item (WI) “eMBMS enhancement for LTE” [1] was introduced. As part of this study item, eMBMS system capacity enhancements are being considered. These include modifications to the existing control and signaling to increase the eMBMS data throughput as well as changes to the existing physical layer numerology to enable additional deployment scenarios. In RAN1#84b, an evaluation methodology was discussed and a set of simulation parameters and assumptions were accepted [2]. In this document, we updated the results that were previously provided in [3], so that they are in conformance with the parameters and assumptions given in [2]. 
2
Discussion
For Rel-14, a study item was introduced in RAN1 to consider multiple enhancements to eMBMS to enable additional deployment scenarios which can include rural scenarios with large intersite eNB spacing, fixed outdoor antenna reception, as well as channel deployments in new operating bands in the 500-700MHz range. In order to increase the overall coverage range of eMBMS services, structural change to the existing LTE numerology is required. As part of this change, a lengthening of the LTE cyclic prefix (CP) is to be considered. 

In contribution R1-163939 “Summary of offline discussions on eMBMS simulation considerations,” an evaluation methodology is discussed and simulation parameters and assumptions are given. In this contribution, we provide our results that conform to this simulation methodology. We first provide a summary of the simulation parameters followed by our simulation results.

2.1
Summary of Simulation Models
Three simulations configurations with a detailed set of simulation parameters were proposed in [2] with the following high level characteristics:

· Indoor Portable

· Cellular ISDs considered: 1-5 km

· Large Penetration Loss: 11dB

· Typical Antennal Gain for a Handset Antenna: -7.35dBi omnidirectional

· TU12 Channel
· Fixed Rooftop
· Large ISDs consider: 7-15 km
· Active Gain Antenna at UE: 13.15dBi directional with 3dB at 60(
· Rooftop Receiver at UE: 10m height
· TU12 with Rice Factor K=10 Channel
In RAN1#

The simulations are run at a 700MHz carrier frequency with a 10MHz bandwidth in a 61 cell site configuration. Additional secondary parameters used are listed in [2].
2.2
Simulation Results
We consider the first two models for simulation and provide these results below. We consider CP lengths of 16.7us, 33.3us, 66.7us, 100us, and 200us, and determine the CDF distribution of their SNRs as a function of the eNB intersite distance (ISD). We then tabulate the 95% SNR coverage point for each (ISD, CP length) pair. For the Indoor Portal model, we consider ISD range from 1 to 5km and show the SNR distributions in figures 1, 2, 3, 4, and 5.
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Figure 1: Indoor Portable Model, 1km ISD
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Figure 2: Indoor Portable Model, 2 km ISD
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Figure 3: Indoor Portable, 3km ISD
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Figure 4: Indoor Portable, 4km ISD
[image: image5.png]CDF

SNR CDF, Indoor Portable Model, 5km ISD

10

SNR (dB)

15

20

25




Figure 5: Indoor Portable, 5km ISD

For the indoor portable model, it is clear that increasing the CP length has marginal returns beyond 33.3us. This results from the poor channel and receiver characteristics – the large penetration loss of 11dB combined with the -7.35dBi gain of the receive antenna, there is no significant SFN signal contribution provided by the far away eNBs. Therefore, the larger CPs provided no significant increase in SNR. Additionally, as the ISD increases, all of the CDF curves shift to lower SNR values accounting for the larger path losses experienced in a large ISD environment. Thus, we can see that for the Indoor Portable model the smallest CP achieves almost optimal performance for ISD between 1 and 2 km. Beyond that ISD, the SNR decreases so 2bps/Hz may not be achieved. Additionally, while a CP length of 33.3us provides some small incremental gain in SNR over the 16.6us case, larger CP lengths beyond 33.3us provide no additional SNR gains.

Observation #1: for the Indoor Portable Model, CP lengths beyond 33.3us provide no additional improvement in received SNR. 

For the Fixed Rooftop model, we consider only the worst case ISD of 15km, since it is the limiting case (lower ISD would provide higher SNR values and, therefore, the requirements would also be met). We only consider CP values of 66, 100 and 200us, since smaller CP values were seen to offer bad performance. In Figures 6-7 we present the results for Oku-Hata and P.1546 propagation models, for directional antenna as in line with the simulation assumptions in [2]. We observe that CP of 200us provides the highest SNR value for both propagation models, being the gain higher for the P.1546 propagation model. This is expected, since in line with the assumptions in [2], the desired signal is derived by using the median (50%) pathloss whereas the interfering signals are assumed to have the 1% pathloss. 
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Figure 6 SNR CDF for 15km ISD, Oku-Hata propagation model
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Figure 7 SNR CDF for 15km ISD, P.1546 propagation model
In Figures 8-9 we present results for an omnidirectional receive antenna with a 5dB antenna gain. These antennas can be deployed in places with good coverage, and can provide a low-cost alternative to directional antennas. In this case, we observe the gain to be much larger for longer CP, since in this case the number of BS seen by the receiver is largely increased (the directional antenna would attenuate most of the BS when pointed to the desired BS). Also, the degradation due to using P.1546 is larger for the same reason.
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Figure 8 SNR CDF for 15km ISD, omnidirectional Rx antenna, Oku-Hata
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Figure 9 SNR CDF for 15km ISD, omnidirectional Rx antenna, P.1546
Observation #2: In the Fixed Rooftop model, there is a significant drop in the received SNR for the smaller CPs, resulting from the larger ISI and ICI noise introduced by the larger delay spreads seen at the UE receiver.

We tabulate the SNR results in Table 1 for the different scenarios of rooftop reception. From these results, the benefit of longer CPs is clearly seen. Note that P.1546 is the most realistic propagation model, since it accounts for time variation of the pathloss, capturing some phenomena as tropospheric ducting that are not present in the Okumura-Hata model. For the P.1546 with directional antennas (the scenario agreed in [2]), a 2.7dB gain is observed with respect to 100us CP, and a 5dB gain is observed with respect to 66.7us CP. 
	
	Oku-Hata
	P.1546
	Oku-Hata omni
	P.1546 Omni

	66.7us
	12.5dB
	11.4dB
	7dB
	5.6dB

	100us
	15dB
	13.7dB
	11.4dB
	8.6dB

	200us
	17.3dB
	16.4dB
	16.2dB
	13.1dB


Table 1: 95% SNR values for the rooftop antenna scenario for different CP values and propagation models, 15km ISD
Observation #3: CP length of 200us provide the maximum SNR for the 15km ISD, with a 2.7dB gain with respect to 100us CP, and 5dB gain with respect to 66.7us CP.
In view of these results, the benefit of a 200us CP is clearly seen. Additionally, as shown in our companion contribution [4], the SNR of 16.4dB is enough to achieve 2bps/Hz at 1%FER, which is in line with the requirements in [1]. Thus, we propose to introduce 200us CP to support scenario A.
Proposal: Define a new numerology with 200us CP.
3
Conclusions 
In this contribution, we present our simulation results for the eMBMS enhancement study. We considered to models for simulation, the Indoor Portable and Fixed Rooftop models. For each of the ISDs considered, we showed receiver SNR distributions for different CP lengths. From our results, we show that a CP of 200us is needed to achieve the highest SNR for scenario A (15km ISD, rooftop reception).
4
Summary 
Observation #1: for the Indoor Portable Model, CP lengths beyond 33.3us provide no additional improvement in received SNR. 

Observation #2: In the Fixed Rooftop model, there is a significant drop in the received SNR for the smaller CPs, resulting from the larger ISI and ICI noise introduced by the larger delay spreads seen at the UE receiver.

Observation #3: CP length of 200us provide the maximum SNR for scenario A with 15km ISD, with a 2.7dB gain with respect to 100us CP, and 5dB gain with respect to 66.7us CP.

Proposal: Define a new numerology with 200us CP.
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