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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 the support of longer CP 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 large inter-site distance (e.g. 15km). We present next some design options for longer CP and subcarrier spacing to allow for SFN operation in large cells while at the same time keeping a reasonable overhead
2.1. 66.6us CP
The numerology for 66.6us can be obtained by extending the basic 15kHz tone spacing ECP by a factor of 4. The new subcarrier spacing would be 3.75kHz, with 3 OFDM symbols per subframe.

[image: ]
Figure 1 Numerologies of 15, 7.5 and 3.75kHz, corresponding to CP lengths of 16.6, 33.3 and 66.6us.

2.2. 133us CP
A CP length of 133us can be obtained by scaling by a factor of two the 66.6us one. One drawback of this numerology is that it is not aligned with the subframe boundary, but with a 2ms boundary instead. Thus, the 133us CP numerology can only be used if the MBSFN subframes are assigned in pairs.

2.3. 200us CP
The 200us numerology is obtained by multiplying the 66.6us by a factor of 3. In this case, there is a single OFDM symbol in a 1ms subframe. The corresponding numerology is 1.25kHz subcarrier spacing, and 144 REs per RB.

2.4. 266us CP
The 266us numerology is obtained by multiplying the 133us numerology by a factor of 2. A major drawback of this approach is that one OFDM symbol occupies 4ms, so it is not aligned with the radio frame boundary.
Observation 1: CP lengths of 66.6us, 133us, 200us and 266us can be obtained by scaling ECP 15kHz numerology by a factor of 4, 8, 12 and 16 respectively.

Table 1 Summary of different numerologies
	CP length
	Subcarrier spacing
	Aligned with 1ms boundary
	Aligned with 10ms boundary

	66.6us
	3.75kHz
	Yes
	Yes

	133us
	1.875kHz
	No
	Yes

	200us
	1.25kHz
	Yes
	Yes

	266us
	0.9375kHz
	No
	No



3. Interaction with control region
In current LTE specification the MBSFN numerology is defined regardless of the presence of control symbols. If the control region and MBSFN numerologies are different, then there is a fraction of the transmitted waveform that is not defined by the specification. This approach is not efficient anymore if we want to support longer CP. For example, in the 133us CP numerology 2 of the 3 symbols transmitted every 2ms would collide with the control region. 
In the case with 1 control symbol, for example, the 133us numerology can be replaced by a 200us numerology where the CP is punctured by the control region. The specification should allow for this type of operation (e.g. puncturing) for the new CP sizes if a legacy control region is needed.
In Figure 2 we show some of the supported numerologies for compatibility with legacy UEs, where 1 or 2 OFDM symbols are used for control. Similar numerologies can be obtained for ECP. The FFT size is obtained as a number with prime factors of 2 and 3. For some of the cases, the multiplicity of the prime factor 3 may increase the computational complexity of the DFT operation.


Figure 2 Different CP options and numerologies for control and control-less MBSFN subframes


Proposal 1: Redefine the interaction between control and MBSFN regions to allow more flexible numerology/CP options. 
4. MBSFN reference signal design
Similarly to CRS and legacy MBSFN reference signals, we propose to use a staggered structure for the demodulation reference signals. The reference signals should be designed taking into account the assumptions on maximum delay spread and maximum Doppler, which may be different for different numerology options. Due to the longer channel delay spread caused by the SFN operation in large cells, and possibly low mobility assumption for rooftop antennas in rural areas, the stagger period and frequency separation have to be redefined with respect to legacy MBSFN. 
Proposal 2: Adopt staggered pattern for demodulation reference signals. Stagger period and frequency separation should be selected based on performance.

5. Summary
Proposal 1: Redefine the interaction between control and MBSFN regions to allow more flexible numerology/CP options. 
Proposal 2: Adopt staggered pattern for demodulation reference signals. Stagger period and frequency separation should be selected based on performance.
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