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1. Introduction

In last RAN4 meeting, the discussion on RRM requirements for Rel-14 eMBMS enhancements has been started and a wayforward was agreed on requirements impact with eMBMS enhancements
	· Companies are encouraged to further investigate at least the following:

· Impact on unicast operation due to numerology switching, e.g.,
· Whether and how big there are interruptions to unicast subframes
· Whether and how big there are delays in unicast and/or multicast operations

· Impact on intra-frequency and inter-frequency accuracy requirements for the existing measurements based on signals in unicast subframes
· Necessary requirements related to CAS subframes and dedicated carrier
· Requirements for MBSFN measurements based on the new numerology

· Applicable CA configurations (e.g., number of carriers including dedicated) when a UE is configured with mixed and/or dedicated carriers, etc.
· Other impacts, if found, are not precluded too for the investigation and discussion


In this contribution, we will discuss the impacts with eMBMS enhancements from RRM perspectives.
2. Discussion
For Rel-14 eMBMS enhancements, there are two types of FeMBMS carrier defined as follows.

· MBMS-dedicated carrier: a carrier is operated with 100% MBSFN subframe allocation, the new MBSFN subframe and legacy extended CP for 15kHz subcarrier spacing are supported.
· FeMBMS/Unicast-mixed carrier: a carrier is operated with less than 100% MBSFN subframe allocation, the new CP length and legacy extended CP for 15kHz subcarrier spacing are supported.
RAN1 sent a LS [2] to inform RAN4 about the agreements on CAS.

	Agreement:
· For 100% MBSFN subframe allocation FeMBMS carrier transmits a periodic subframe, CAS Cell Acquisition Subframe 
· 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
· The MIB is transmitted in SFN mod 4 = 0 and can change only in SFN mod 16 = 0 and contains systemFrameNumber equal to the 6 most significant bits of the SFN
· SI can be provided by PDSCH in CAS 
· A first SI that may also contain scheduling of further SI can be transmitted in SFN mod 8 = 0  and can change only in SFN mod 16 = 0 
· This first SI may be a combination of SIBs, up to RAN2 agreements.
· MCCH change notification and SI modification notification are sent in PDCCH region of the CAS.
· From RAN1 perspective, it is feasible to transmit multiple SI messages in the same subframe by using different RNTIs. RAN2 may consider if this may be used.
· Inform RAN2 that SI modification notification can be conveyed to the UE with Direct Indication signalling.


2.1. Impacts due to numerology switching
The UE supporting Rel-14 eMBMS enhancements shall be able to receive MBSFN subframe with 1.25kHz subcarrier spacing and the legacy subframe with 15kHz subcarrier spacing (including non-MBSFN subframe and legacy MBSFN subframe) on FeMBMS carrier. The impact of numerology switching is mostly on baseband implementation, such as FFT size changes. The baseband implementation impacts the software module of UE receiver. It seems that there is no need to reserve extra time to ensure switching between two types of subframes with different numerology.
Observation 1: There is no need to require extra delay when UE switches between two types of subframes with different numerology.
2.2. Impacts on radio link monitoring

According to the specification of TS36.133, radio link monitoring are only operated on the PCell and PSCell. Since both MBMS-dedicated cell and FeMBMS/Unicast-mixed cell cannot be used as a PCell or PSCell, there is no need to define RLM requirements for the UE supporting FeMBMS.

Observation 2: There is no impact on RLM requirements for the UE supporting FeMBMS.
2.3. Impacts on cell synchronization accuracy for FeMBMS
According to the specification of TS36.133, the requirements on inter-cell synchronization accuracy has been specified for MBMS services. The existing requirements on inter-cell synchronization are assumed with 16.67µs CP length for legacy MBSFN subframes. However, a new MBSFN subframe with 200µs CP length is introduced for FeMBMS. Thus, the new cell synchronization accuracy requirements shall be specified for FeMBMS.
Proposal 1: The new cell synchronization accuracy requirements shall be studied and specified for FeMBMS.
2.4. Measurements on FeMBMS/Unicast-mixed carrier
For FeMBMS/Unicast-mixed carrier, at least subframe #0 and #5 will be used as non-MBSFN subframes in each radio frame, and the legacy synchronization procedures based on subframe #0 and #5 are also reused. Hence, the existing requirements on cell identification can also be used for a FeMBMS/Unicast-mixed carrier.

For intra-frequency measurements, as FeMBMS/Unicast-mixed cell can only be used as SCell, so there is no impact on intra-frequency measurement on PCC and measurements requirements of SCC with a FeMBMS/Unicast-mixed cell shall be studied for FeMBMS. Since subframes #0 and #5 per frame are available for UE to perform intra-frequency measurements on a FeMBMS/Unicast-mixed carrier, the existing measurement requirements of SCC can be reused.
Proposal 2: The existing measurement requirements of SCC can be reused for intra-frequency measurement on a FeMBMS/Unicast-mixed carrier.
For inter-frequency measurements, only one non-MBSFN subframes is available for UE performing cell identification and measurements for each measurement gap. Based on the existing TDD-TDD inter-frequency measurement, it can be observed that the measurement requirements for configuration 2/3 is defined when one downlink subframes per half-frame (5ms) is configured. Hence, the existing TDD-TDD inter-frequency measurement requirements for configuration 2/3 can be reused for the inter-frequency measurements for FeMBMS.
Proposal 3: The existing TDD-TDD inter-frequency measurement requirements for configuration 2/3 can be reused for the inter-frequency measurements on a FeMBMS/Unicast-mixed carrier.
2.5. Measurements on MBMS-dedicated carrier

For MBMS-dedicated carrier, CAS supports PSS/SSS/CRS and is transmitted on subframe #0 every 40ms. The UE can perform measurements requirements on CAS every 40ms. 
For intra-frequency measurements, as MBMS-dedicated cell can only be used as SCell, so there is no impact on intra-frequency measurement on PCC and measurements requirements of SCC with a FeMBMS/Unicast-mixed cell shall be studied for FeMBMS. When 40ms DRX cycle is configured, the cell identification delay on a non-FeMBMS carrier is defined as 800ms including 200ms measurement period, which is as same as the requirements in non-DRX mode. So the existing measurement requirements of SCC can also be reused.
Proposal 4: The existing measurement requirements of SCC can be reused for intra-frequency measurement on a MBMS-dedicated carrier.
For inter-frequency measurements, a MBMS-dedicated cell might be detected by UE only when the CAS is captured within the measurement gaps used. In that case, the existing TDD-TDD inter-frequency measurement requirements for configuration 2/3 can be also reused for the inter-frequency measurements for MBMS-dedicated carrier.

Proposal 5: When each measurement gap captures a complete CAS, the existing TDD-TDD inter-frequency measurement requirements for configuration 2/3 can be reused for the inter-frequency measurements on a MBMS-dedicated cell.
3. Conclusions

This contribution provides our analysis on RRM impacts of eMBMS enhancements. The following observations and proposals are provided: 
Observation 1: There is no need to require extra delay when UE switches between two types of subframes with different numerology.
Observation 2: There is no impact on RLM requirements for the UE supporting FeMBMS.
Proposal 1: The new cell synchronization accuracy requirements shall be studied and specified for FeMBMS.
Proposal 2: The existing measurement requirements of SCC can be reused for intra-frequency measurement on a FeMBMS/Unicast-mixed carrier.
Proposal 3: The existing TDD-TDD inter-frequency measurement requirements for configuration 2/3 can be reused for the inter-frequency measurements on a FeMBMS/Unicast-mixed carrier.
Proposal 4: The existing measurement requirements of SCC can be reused for intra-frequency measurement on a MBMS-dedicated carrier.
Proposal 5: When each measurement gap captures a complete CAS, the existing TDD-TDD inter-frequency measurement requirements for configuration 2/3 can be reused for the inter-frequency measurements on a MBMS-dedicated cell.
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