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1. Introduction
Core specification for Rel-14 eMBMS enhancements for LTE, FeMBMS, has been recently completed by RAN1 and RAN4 needs to establish the corresponding UE RF performance requirements and the test procedures. 

In this contribution, we present our view on the required UE RF work for supporting FeMBMS.

2. Discussion

2.1. UE RF Impact from Numerology Switching
Depending on the eNB scheduling, an UE receiving MBMS service on a FeMBMS carrier may receive MBSFN subframes based on 1.25kHz or 7.5kHz numerology (subcarrier spacing). However, since the non-MBSFN subframes, such as subframe #0 and #5 in the non-dedicated FeMBMS carrier or CAS in the dedicated FeMBMS carrier, continue to be based on 15kHz numerology, UE may need to switch from one numerology to another in per-subframe basis as illustrated in Figure 1. 
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Figure 1 Example of UE numerology switching across subframe in non-dedicated/dedicated FeMBMS carrier
Accordingly in [1], it was discussed that a switching gap may be required when the numerology changes between adjacent subframes for two main reasons of potential RF circuitry change and the inter-symbol interference. However, our view is that such switching gap is not required. First of all, numerology switching should not require any interruption in the RF circuit. Sampling rate or carrier frequency remains identical across different numerologies, and the critical changes in the subcarrier spacing, CP length, and OFDM symbol length are all about how UE should interprete the received time-domain samples in the subsequent baseband processing, which does not affect the preceding RF circuit. Second, the inter-symbol interference may be an issue in the real network since the MBSFN single frequency network transmission based on the new numerlogy may undergo much larger channel delay spread compared to the non-MBSFN unicast subframes as shown in Figure 2. However, as also discussed in our companion paper [2], such interference should be avoided/mitigated by proper eNB scheduling instead of introducing UE requirement such as switching gap.
Observation 1. Numerology switching between adjacent subframes can be handled by UE baseband processing without requiring any RF frontend re-tuning.
Observation 2. ISI from the previous subframe may get increased when the numerology switches to a larger value, but such ISI should be avoided/mitigated by eNB scheduling.
Proposal 1. Switching gap due to the change of numerology across subframes is not required for FeMBMS.
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Figure 2 ISI from MBSFN subframe with 1.25kHz numerology to unicast subframe when MBSFN single frequency network is deployed with larger ISD [2]

2.2. Reference Sensitivity Requirement
From the reference sensitivity requirement perspective, our view is that the following two issues need to be discussed for FeMBMS:

· Necessity for the new requirement for 1.25kHz/7.5kHz numerology, 

· Necessity for the new requirement for a receive-only device supported only by dedicated-MBMS cell 

First of all, from the numerology perspective, the reduced subcarrier spacing in the FeMBMS MBSFN subframe transmitted with the 1.25kHz/7.5kHz numerology makes the corresponding PMCH reception at the UE more vulnerable to the inter-carrier interference (ICI) caused by the phase noise. To this end, in the previous RAN4 #82 meeting, it was proposed to define a new reference sensitivity requirement for 1.25kHz numerology, where the impact of the phase noise is captured in the reference sensitivity power [3]. However, considering the reference sensitivity requirement are defined/evaluated at a low SNR of -1dB (PRx only) to -3dB (DRx), the increased ICI impact from phase noise may not affect the effective SNR even with the new numerologies. For instance, as shown in Figure 3, our analysis at B7 band shows that the phase noise is only around -81dBc/Hz at 1.25kHz frequency offset, and the corresponding overall ICI from phase noise is still 42dB weaker than the signal even with 1.25kHz subcarrier spacing. Therefore, at the operating SNR of -1dB to -3dB, the overall impact of phase noise under the reduced subcarrier spacing would remain negligible compared to the thermal noise. To this end, our view is that the existing reference sensitivity requirement defined for 15kHz numerology should provide comprehensive enough coverage for a UE supporting FeMBMS, and RAN4 may not need to define a new reference sensitivity requirement for 1.25kHz numerology.
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Figure 3 Phase noise spectral density measurement (B7)
Observation 3. The impact of phase noise remains negligible for 1.25kHz numerology, given the target SNR of -1dB to -3dB adopted in the existing reference sensitivity requirement.
Proposal 2. New reference sensitivity requirement for 1.25kHz numerology for a UE supporting FeMBMS is not required.
Next, with the introduction of the dedicated-MBMS cells in FeMBMS, RAN4 may need to define a proper reference sensitivity requirement for a new type of the receive-only device that supports only PMCH reception from the MBMS-dedicated cells. However, since the unicast traffic is not supported in the downlink in the MBMS-dedicated cell, and the non-MBSFN subframe (CAS) only carries the MBMS-related system information, existing reference sensitivity requirement framework based on the throughput performance of the unicast traffic cannot be applied to such UE. Therefore, our view is that the reference sensitivity requirement for the dedicated FeMBMS UE needs to be defined according to a new test framework based on the throughput performance of the PMCH data traffic.
Observation 4. Existing reference sensitivity requirement based on the unicast traffic throughput cannot be applied to a receive-only UE that only supports PMCH reception from the dedicated-MBMS cell.
Proposal 3. Reference sensitivity requirement for a receive-only UE that only supports PMCH reception from the dedicated-MBMS cell needs to be defined based on the PMCH performance.
Proposal 4. Reference sensitivity requirement for a receive-only UE that only supports PMCH reception from the dedicated-MBMS cell is defined only for 15kHz numerology.
3. Conclusion

In this contribution, we presented our view on the required UE RF work for supporting FeMBMS. The list of the observations and the proposal made in this paper is summarized as follows. 
Observation 1. Numerology switching between adjacent subframes can be handled by UE baseband processing without requiring any RF frontend re-tuning.
Observation 2. ISI from the previous subframe may get increased when the numerology switches to a larger value, but such ISI should be avoided/mitigated by eNB scheduling.

Observation 3. The impact of phase noise remains negligible for 1.25kHz numerology, given the target SNR of -1dB to -3dB adopted in the existing reference sensitivity requirement.

Observation 4. Existing reference sensitivity requirement based on the unicast traffic throughput cannot be applied to a receive-only UE that only supports PMCH reception from the dedicated-MBMS cell.
Proposal 1. Switching gap due to the change of numerology across subframes is not required for FeMBMS

Proposal 2. New reference sensitivity requirement for 1.25kHz numerology for a UE supporting FeMBMS is not required.
Proposal 3. Reference sensitivity requirement for a receive-only UE that only supports PMCH reception from the dedicated-MBMS cell needs to be defined based on the PMCH performance.

Proposal 4. Reference sensitivity requirement for a receive-only UE that only supports PMCH reception from the dedicated-MBMS cell is defined only for 15kHz numerology.
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