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1 Introduction

A new WI: Evolved Multimedia Broadcast Multicast Service (eMBMS) enhancement for LTE, was approved at RAN plenary #71 meeting [1]. One of the objectives is as following
· 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.
In this contribution the necessity of defining a longer cyclic prefix is discussed and evaluated.  .
2 Discussion 
In current LTE specification, both 15kHz subcarrier spacing and 7.5kHz subcarrier spacing are supported although no signaling has been defined for 7.5kHz subcarrier spacing. Two different CP lengths, namely normal CP and extended CP are defined in TS 36.211[2] targeting different cell radii. Table 1 recaps these OFDM parameters defined in TS 36.211.
Table 1. OFDM parameters defined in TS36.211
	Configuration
	Cyclic prefix length 
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For unicast transmission, normal CP or extended CP can be configured for a cell which is detected by UEs based on the timing relation between PSS and SSS. Only extended CP is supported for MBSFN transmission considering the large delay spread caused by the multi-cell transmission.
With 15 kHz subcarrier spacing, the extended cyclic prefix (CP) length is 16.67us, while the extended CP length is 33.33us for 7.5 kHz subcarrier spacing. Based on the simulation assumption in [3] and 3GPP case 3 defined in [4], system simulation results in terms of spectral efficiency are given in Table 2 below. 
Table 2. MBSFN performance with ISD = 1732m
	CP length (us)
	Simulation Scenario
	Spectral efficiency(bps/Hz)

	16.67
	urban, indoor, @700MHz
	2.85

	
	3GPP case 3, @2GHz
	0.55

	33.33
	urban, indoor, @700MHz
	3.04


From Table 2, we can observe that the spectral efficiency target (i.e. 2bps/Hz) can be achieved by 16.67us CP length when the ISD is 1732m. Note that in existing networks, larger than 1732m ISD is rarely deployed, and 1732m has been widely assumed by simulations in LTE as the upper bound of the ISD values.
Observation: The spectral efficiency target (i.e. 2bps/Hz) can be met with sufficient margin by the network with ISD of 1732m based on extended CP (16.67us).

Proposal 1: Longer than 16.67us CP is not introduced for eMBMS at least in mixed carrier in Rel-14.
Large coverage (e.g. 1732m ISD) may lead to significant difference on received power of UEs at different positions. The MCS used for a MBSFN transmission is determined by the worst channel quality experienced by the UEs receiving the eMBMS service, even though some UEs close to the base station may be enjoying rather good channel quality. In this case, superposition transmission of PMCHs could be considered. The system level simulation results in [5] show that the overall system spectrum efficiency is increased by using superposition transmission of PMCHs without performance loss of the basic layer.
Proposal 2: Consider superposition transmission of PMCHs for eMBMS supporting large coverage.
3 Conclusions
In this contribution we discuss the necessity of defining longer cyclic prefix and the following observation and proposals are made.
Observation: The spectral efficiency target (i.e. 2bps/Hz) can be met with sufficient margin by the network with ISD of 1732m based on extended CP (16.67us).
Proposal 1: Longer than 16.67us CP is not introduced for eMBMS at least in mixed carrier in Rel-14.
Proposal 2: Consider superposition transmission of PMCHs for eMBMS supporting large coverage.
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