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1 Introduction
Rel-14 WI on eMBMS enhancements for LTE [1] aims to specify enhancements to Multimedia Broadcast Multicast Service (MBMS) services. These enhancements include supporting longer cyclic prefix to provide service for wider cells, supporting MBSFN subframes without a unicast control region and cell-specific reference signals, and specifying means of using subframes 0, 4, 5, 9 in FS1 for MBSFN. 

In this contribution we discuss the UE REFSENS requirements for the support of FeMBMS.

2 Discussion
In RAN1-86b and RAN1#87 the followings were agreed [2] and [3]:
· CP length is 200us and core symbol duration of 800us

· Single RS pattern for this numerology

· For 100% MBSFN subframe allocation FeMBMS carrier transmits a periodic subframe, Cell Acquisition Subframe (CAS)
· CAS supports PSS, SSS, CRS, PBCH, PDCCH, PDSCH (SI)
· CAS is always transmitted in subframe #0  with a period of 40ms
· MIB is provided by PBCH in every CAS
· SI can be provided by PDSCH in CAS 
· MCCH change notification and SI modification notification are sent in PDCCH region of the CAS.
· For FeMBMS carrier, a UE can assume that unicast control region (including CRS) is never present in an MBSFN subframe assumed to be used for PMCH with 1.25kHz numerology
One of the major changes in FeMBMS is the new OFDM symbol duration and new cyclic prefix length of the symbol as the figure below shows. 
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Figure 1 FeMBMS with 800us symbol duration
A new symbol duration of 800us corresponds to a subcarrier spacing of 1.25kHz which is much smaller than the existing 15kHz and 7.5kHz subcarrier spacing. 
One of the impacts of smaller subcarrier spacing is higher sensitivity to frequency error. The local oscillator in a UE has a certain phase noise that causes random instantaneous frequency drift around the center frequency. When the subcarrier spacing becomes smaller, the relative effect of this frequency drift becomes larger, which causes inter-carrier interference in OFDM symbol.
The impact of the new numerologies on the UE RF requirements is only limited to receiver requirements as there is no UL transmission in MBMS.

2.1 UE receiver requirements
One of the UE receiver requirements that is impacted due to the higher sensitivity to phase noise is reference sensitivity. Reference sensitivity power is defined as 
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where 

174dBm/Hz
Noise floor at room temperature
B

Operating bandwidth in Hz
NF

Noise figure in dB of the receiver at antenna connector at extreme temperature
IM

Implementation margin in dB
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is band-dependent relaxation due to the ratio between duplexer distance and band gap in dB, SNR

Required Signal to Noise Ratio in baseband in dB
In the above calculations the SNR is simulated with certain reference measurements setup and to achieve a certain throughput. If the phase noise in the system is increased the required SNR to achieve the same target throughput becomes larger and thus the REFSENS power changes. 

Alternatively, the effect of the phase noise can be added as a new noise term in the REFSENS calculations. The advantage of this approach is that no new simulations to evaluate the required SNR is needed.
Proposal 1: REFSENS requirement for the FeMBMS with Δf = 1.25kHz can be specified by adding a term for the impact of phase noise on the received signal. 

Furthermore, the requirements for a UE that only receives multicast signal can be different than one that operates with both multi-cast and unicast. For an FDD UE that is capable of receiving multicast signal and transmitting in unicast mode, the more relaxed requirement shall apply. The reason is that in unicast mode a UE has to both transmit and receive, which causes some receiver desensitization.
Proposal 2: REFSENS requirements for a UE that operates with both multicast and unicast, should be relaxed as compared to a UE that is capable of multicast only
Other receiver requirements such as adjacent channel selectivity, receiver blocking, etc are also impacted by the new smaller subcarrier spacing as well, but since those requirements are defined as a function of REFSENS, the same formulations can be reused for ACS and blocking requirements of 2.5kHz.
Proposal 3: Legacy requirements for ACS, and blocking can be reused for FeMBMS UE.

3 Conclusions

 In this contribution we discussed UE REFSENS requirements for the support of FeMBMS and made the following proposal
Proposal 1: The REFSENS requirement for the FeMBMS with Δf = 1.25kHz can be specified by adding a term for the impact of phase noise on the received signal 

Proposal 2: The REFSENS requirements for a UE that operates with both multicast and unicast, should be relaxed as compared to a UE that is capable of multicast only
Proposal 3: The legacy requirements for ACS, and blocking can be reused for FeMBMS UE
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