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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 this document, we discuss some preliminary evaluation results based on our proposed evaluation methodology.
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 our contribution R1-163047 “Evaluation Methodology for LTE eMBMS Enhancements Study” [2], we outline an evaluation methodology to determine acceptable CP lengths that meet acceptable 95% SINR coverage levels. In this contribution, we provide some preliminary results that help consolidate the choice of CP lengths that should be considered for further design and performance evaluation.

2.1
System Evaluation Results
Two scenarios are considered for evaluation: 

Scenario 1: Urban, Handheld device, Indoor reception

Considers dense eNB deployments with small intersite distances, a UE device with average receiver characteristics, and reception inside a building which implies larger penetration losses

Scenario 2: Rural, Outdoor antenna for fixed Indoor reception

Considers large eNB intersite distances, a receiver with superior receiver antenna characteristics, and outdoor reception with an active gain antenna

Corresponding simulation parameters are given in [2] and [3].

For scenario #1, we consider shorter eNB intersite distances of 1km and 2km and show the CDF of SINR as a function of the CP length. CP lengths chosen are 100us, 133us, 200us, and 266us. These CP lengths are chosen due to their specific relation to the existing LTE numerology. For the case of 100us and 200us CP lengths, they match to .5ms and 1ms symbol lengths with a tone spacing of 2.5kHz and 1.25kHz, respectively. For the case of 133us and 266us, they are power of 2 extensions of the existing 16.6us and 33.3us CP options and result in a symbol length of 666.6us and 1.33ms and with a tone spacing of 1.875kHz and .9375kHz, respectively.
The SINR CDF for the 1km and 2km cases are shown in Figures 1 and 2.
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Figure 1
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Figure 2
For both the 1km and 2km cases, the CDF across the various CP lengths produce similar 95% coverage points: in the case of 1km, it is ~25dB and for the case of 2km, it is ~14dB. There is little variation as a function of these larger CP lengths as the increase in CP length has already resulted in diminishing returns – i.e. the additional signal power received by the UE due to the extension of the CP has a negligible effect on the increase in SNR. Likewise it is true that lowering the CP length to existing legacy values of 16.6us and 33.3us, there will be a noticeable change in the SINR curve producing a much lower and unacceptable 95% coverage point.

Observation #1: for a range of CP lengths from 100us to 266.6us, an intersite eNB spacing of 1km and 2km produces 95% coverage points of ~25dB and ~14dB, respectively.
For scenario #2, the rural, outdoor antenna case is considered. The most noticable difference for this case is the removal of a 15dB penetration loss, and the inclusion of a 5dB active gain antenna. This allows the receiver to collect signal from a wider range of eNB, thereby allowing for further improvements in the SINR for larger CP lengths.
For this case, we consider larger eNB intersite distances of 5km, 7km, and 10km and use the same set of CP lengths of 100us, 133us, 200us, and 266us. These results are shown in Figures 3, 4, and 5. For all of the eNB ISD spacings chosen, there are shifts in the CDF curves for the various CP lengths chosen, with the smallest 100us CP length always producing the lowest 95% coverage point. The other observation is that as the CP length increases, there is diminishing returns in the SINR distribution. Most notably at the largest CP length of 266us, the increase in SINR is marginal when compared to the CP length of 200us, especially for the smaller ISD value of 5km. 
If we consider 20dB as a nominal operating point that produces acceptable throughput and spectral efficiency, it suggests that 133.3us, 200us, and 266us are acceptable CP lengths for an eNB IDS value of 7km.
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Figure 3
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Figure 4
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Figure 5
Observation #2: Based on the rural simulation results, CP lengths of 133.3us, 200us, and 266.6us provide acceptable 95% SINR coverage point for eNB ISD of 7km. These CP lengths should be considered as good candidates for further consideration for this eMBMS study.
3
Conclusions 
In this contribution, we present some of our results for two scenarios. In the first scenario, an urban case is considered with small eNB intersite distances of 1-2km and with an indoor handheld UE. In the second scenario, a rural case is considered with larger eNB intersite distances of 7-9km and with an active gain outdoor rooftop antenna. We make the following observations:

Observation #1: for a range of CP lengths from 100us to 266.6us, an intersite eNB spacing of 1km and 2km produces 95% coverage points of ~25dB and ~14dB, respectively.
Observation #2: Based on our results, we make a preliminary conclusion that CP length of 133.3us, 200us, and 266.6us are good candidates for further study for the eMBMS capacity enhancements.
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