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1. Introduction
Core specification for Rel-14 eMBMS enhancements for LTE has been recently completed by RAN1 in RAN1 #87 meeting, and RAN4 needs to establish the corresponding UE RRM/performance requirements and the test procedures. 
Given that RAN4 #82 is the first meeting to discuss this new feature, it is desirable to review the key design changes/enhancements in the Rel-14 eMBMS enhancements, and identify the set of the features that needs to be captured as the new UE requirements.
In this contribution, we will review the key eMBMS enhancements introduced in Rel-14, and discuss their impact to UE receiver design in the RRM core requirement perspective. 
2. Discussion

2.1. Review of Rel-14 eMBMS Enhancement

Rel-14 has introduced the eMBMS enhancement, FeMBMS hereby, that supports an increased resource utilization of up to 100% for the MBSFN transmission as well as a new MBSFN subframe type with increased CP length to allow an MBSFN deployment with the larger inter-site distance.

A FeMBMS carrier can be used as a SCell carrier to support both MBMS and unicast transmission with the increased MBSFN subframe allocation, or as a dedicated MBMS carrier with 100% MBSFN subframe allocation and the self-contained eMBMS signalling to be used for a standalone eMBMS network.

Due to the increased MBSFN subframe allocation and the introduction of the new MBSFN subframe type, backward compatilibity is not supported and legacy Rel-13 UE is not allowed to access the FeMBMS carrier.

2.1.1. MBSFN subframe with 1.25 kHz numerology

A new MBSFN subframe type introduced in Rel-14 is based on 1.25 kHz numerology where each PRB consists of 144 subcarriers, compared to 12 (24) subcarriers in 15 kHz (7.5 kHz) numerology. 

Each MBSFN subframe consists of a single OFDM symbol comprised of the cyclic prefix length of 200 μs, followed by the core symbol duration of 800 μs.

Unicast control region (including CRS) is completely removed, and PDSCH/PDCCH/EPDCCH cannot be transmitted in this new MBSFN subframe type.

MBSFN reference signal (RS) pattern is defined for even and odd subframes independently, and occupies every 6-th resource element, 7.5 kHz spacing, starting from k = 0 for the even-numbered subframes and k = 3 for the odd-numbered subframes. 

MBSFN subframes with the new numerology do not need to be allocated in pairs.

2.1.2. FeMBMS Carrier with Mixed MBMS/Unicast Transmission

In the mixed unicast/MBMS deployment scenario, a FeMBMS carrier can be allocated with up to 80% of subframes for MBMS transmission while supporting unicast transmission in the non-MBSFN subframes.

The following statement holds for a FeMBMS carrier that supports both MBMS and unicast transmission

· Subframe 1-4 and 6-9 in each radio frame can be used as an MBSFN subframe

· Subframe 0 and 5 in each radio frame are always non-MBSFN subframes

· PSS/SSS/PBCH transmission based on subframe 0 and 5 remains unchanged from Rel-13
· SIB1 scheduling based on subframe 5 remains unchanged from Rel.13

· Non-MBSFN subframes can be used for unicast transmission, only as an Scell

· Both legacy MBSFN subframes (with 15 kHz numerology) and Rel-14 MBSFN subframes (with 1.25kHz numerology) can be used for PMCH transmission in the MBSFN subframes

· Availability of unicast control region in a MBSFN subframe:

· Self-carrier scheduling

· UE shall assume that unicast control region is always present in all MBSFN subframes, and the use of Rel-14 MBSFN subframes with 1.25 kHz numerology is precluded
· Cross-carrier-scheduling 

· UE shall not assume that unicast control region (including CRS) is always present in an MBSFN subframe not assumed to be used for PMCH 
· Unicast control region (including CRS) is always present in the MBSFN subframe assumed to be used for PMCH with 15 kHz numerology
· Unicast control region (including CRS) is not present in the MBSFN subframe assumed to be used for PMCH with 1.25 kHz numerology
2.1.3. FeMBMS Carrier with Dedicated MBMS Transmission

The following statement holds when FeMBMS carrier is used as a standalone carrier dedicated for MBMS transmission.

· Entire subframes 0-9 in a radio frame can be used as an MBSFN subframe

· Both legacy MBSFN subframes (with 15kHz numerology) and Rel-14 MBSFN subframes (with 1.25kHz numerology) can be used for PMCH transmission in the MBSFN subframes
· Cell acquisition subframe (CAS) based self-contained eMBMS signalling

· CAS is transmitted every 40ms using subframe 0 

· CAS supports PSS, SSS, CRS, PBCH, PDCCH, and PDSCH (for SI acquisition only) using legacy 15kHz numerology and CP length

· CAS cannot be used for unicast transmission

· Master Information Block

· MIB is provided by PBCH in SFN mod 4, with a modification period of 160 ms

· Two LSB’s of SFN in MIB are used for signaling the number of additional non-MBSFN subframes, other than CAS, available for SI transmission with the valid value of 0, 1, 2, 3.

· System Information (SI) 

· First SI is transmitted in SFN mod 4

· First SI may be a combination of SIBs (SIB1, SIB2, and more), and may also contain scheduling of further SI transmitted in SFN mod 8 = 0
· Up to three consecutive subframes immediately following CAS may be additionally used for SI transmission when indicated by MIB
· Availability of unicast control region in a MBSFN subframe:

· UE shall not assume that unicast control region (including CRS) is always present in an MBSFN subframe not assumed to be used for PMCH

· Unicast control region (including CRS) is always present in the MBSFN subframe assumed to be used for PMCH with 15 kHz numerologys 

· Unicast control region (including CRS) is never present in the MBSFN subframe assumed to be used for PMCH with 1.25 kHz numerology
2.2. Impact to UE RRM Core Requirement
2.2.1. Mixed MBMS/Unicast FeMBMS Carrier
From the RAN1/RAN2 agreement so far, it is expected that UE shall not be allowed to camp on a FeMBMS carrier when more than six subframes per frame are allocated for MBSFN transmission. Furthermore, from the fact that the Pcell always uses self-carrier scheduling which requires the unicast control region (including CRS) to be present in every MBSFN subframe, UE shall not be allowed to camp on a FeMBMS carrier when any of the its MBSFN subframes follows the new 1.25 kHz numerology.
Observation 1. When a FeMBMS carrier is used for a mixed MBMS/unicast transmission, it should be used strictly as a Scell unless the carrier degenerates to the non-FeMBMS configuration without any MBSFN subframes with 1.25 kHz numerology and with 60% or less MBSFN subframe allocation per frame
When a FeMBMS carrier is used for the mixed MBMS/unicast transmission, subframe 0 and 5 is always guaranteed to be the non-MBSFN subframes. 
Observation 2. PSS/SSS signal, PBCH, and SIB1 transmission in a FeMBMS carrier with mixed MBMS/unicast transmission remains identical to non-FeMBMS carrier, hence fully compatible with legacy cell search/SI acquisition procedure

For a TDD FeMBMS carrier, the maximum number of the MBSFN subframes per frame remains the same as the legacy non-FeMBMS carrier since only FS1 is considered for the use of additional subframe 4, 9 for MBSFN.

For FDD, the total number of non-MBSFN subframes per frame can be reduced to as low as two in a FeMBMS carrier, compared to four in the legacy carrier. Combined with the fact that UE can no longer assume the unicast control region is always present in a MBSFN subframe when cross-carrier scheduling is used, CRS symbol observation available for a given measurement period could decrease by 50% in a FDD FeMBMS carrier.
Observation 3. For a given intra-frequency measurement period of TMeasurement_Period Intra (= 200ms) in clause 8.1.2.2 in [1] and in the absence of the measurement gap, at least 40 non-MBSFN DL subframes continue to be available both in the FDD and TDD FeMBMS carrier with mixed MBMS/unicast transmission, i.e., at least 5 non-MBSFN DL subframes per each cell when performing the measurement for Xbasic measurement FDD (=Xbasic measurement TDD=8) identified-intra-frequency cells within the measurement period.
In the light of the above observation, we propose the following:
Proposal 1: For the FDD/TDD intra-frequency measurement requirement of a FeMBMS carrier, to apply the same requirement as defined for a secondary component carrier in the E-UTRA carrier aggregation in clause 8.3.3 in [1]
· Accuracy requirement for RSRP/RSRQ/RS-SINR measurement in the legacy non-FeMBMS carrier shall continue to apply for a FeMBMS carrier
In case of the inter-frequency measurement based on the measurement gap, the increased MBSFN subframe allocation implies that in the worst-case a UE may see only a single non-MBSFN DL subframe per each measurement gap on the FDD or TDD FeMBMS carrier. In such case, there would exist only 12 non-MBSFN DL subframes (from 12 gaps) within the 480 ms inter-frequency measurement period defined in clause 8.1.2.3 in [1], i.e., only 3 non-MBSFN DL subframes per each cell when the UE is required to measure at least four identified cells within the measurement period. 

Observation 4. The worst-case non-MBSFN DL subframe availability for the inter-frequency measurement on the FeMBMS carrier is similar to that of the TDD-TDD (or FDD-TDD) inter-frequency measurement on the legacy non-FeMBMS TDD cell with UL/DL configuration 0, where the inter-frequency measurement requirement is relaxed by 50%, e.g., 480 x Kn x Nfreq, v.s. 720 x Kn x Nfreq,, in order to meet the same measurement accuracy (or to increase the number of the non-MBSFN DL subframes per cell within each measurement period)

From the above observation, we propose the following:

Proposal 2: For the FDD-FDD/TDD-TDD/FDD-TDD/TDD-FDD inter-frequency measurement made on a FeMBMS carrier frequency using a measurement gap, to apply the same requirement as defined in clause 8.1.2.3 in [1], with the following exceptions:

· The maximum allowed time for identifying a new inter-frequency cell, TIdentify_Inter, and the measurement period, TMeasurement_Period _Inter_FDD or TMeasurement_Period _Inter_TDD of the FDD or TDD FeMBMS carrier shall follow the requirement for E-UTRAN TDD-TDD inter-frequency measurement with configuration 2 or 3 (ULDL configuration 0) in clause 8.1.2.3.2 [1]
· Accuracy requirement for RSRP/RSRQ/RS-SINR measurement in the legacy non-FeMBMS carrier shall continue to apply for a FeMBMS carrier
2.2.2. Dedicated FeMBMS Carrier

For the TV-receiver like non-LTE devices served by the standalone MBMS network using the dedicated FeMBMS carrier, cell detection, synchronization, and MI/SI-acquisition relies on the newly introduced cell acquisition subframe (CAS).
Observation 5. Synchronization signals in a dedicated FeMBMS carrier are sparsely transmitted every 40ms, compared to every 5 ms in the legacy non-FeMBMS carrier

Observation 6. PBCH and initial SI (including SIB1) in a dedicated FeMBMS carrier are sparsely transmitted every 40ms and 80 ms, respectively, compared to every 10 ms and 20 ms in the legacy non-FeMBMS carrier

From the above observation, we propose the following.

Proposal 3. To define a separate intra-frequency cell identification and measurement requirements for the UE to identify a new cell on a dedicated FeMBMS carrier

Remark 1: Besides the measurement requirement for cell acquisition, we note that the RRM requirement for the cell re-selection may also need to be discussed for the non-LTE FeMBMS receiver if the mobility scenario shall be considered where the dedicated FeMBMS receiver switches the cell from which it receives the CAS for the purpose of receiving the MBMS control information from the “best” cell. 
3. Conclusion

In this contribution, we reviewed the Rel-14 eMBMS enhancements, and analyzed their impact on UE receiver design from RRM Core Requirement perspective. Based on the analysis, we have made the following proposals on the RRM core requirement for FeMBMS in RAN4. 
Proposal 1: For the FDD/TDD intra-frequency measurement requirement of a FeMBMS carrier, to apply the same requirement as defined for a secondary component carrier in the E-UTRA carrier aggregation in clause 8.3.3 in [1]

· Accuracy requirement for RSRP/RSRQ/RS-SINR measurement in the legacy non-FeMBMS carrier shall continue to apply for a FeMBMS carrier

Proposal 2: For the FDD-FDD/TDD-TDD/FDD-TDD/TDD-FDD inter-frequency measurement made on a FeMBMS carrier frequency using a measurement gap, to apply the same requirement as defined in clause 8.1.2.3 in [1], with the following exceptions:

· The maximum allowed time for identifying a new inter-frequency cell, TIdentify_Inter, and the measurement period, TMeasurement_Period _Inter_FDD or TMeasurement_Period _Inter_TDD of the FDD or TDD FeMBMS carrier shall follow the requirement for E-UTRAN TDD-TDD inter-frequency measurement with configuration 2 or 3 (ULDL configuration 0) in clause 8.1.2.3.2 [1]
· Accuracy requirement for RSRP/RSRQ/RS-SINR measurement in the legacy non-FeMBMS carrier shall continue to apply for a FeMBMS carrier
Proposal 3. To define a separate intra-frequency cell identification and measurement requirements for the UE to identify a new cell on a dedicated FeMBMS carrier
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