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1 Introduction
At RAN #61 meeting, MBSFN reception quality was discussed [1], and a corresponding new work item “Further MBMS Operations Support for E-UTRAN” was approved [2], lead by RAN2 and where RAN1 is involved to discuss the MBSFN radio reception measurement(s). This topic was discussed during Rel-11 in SA4 and RAN1, where two LS were exchanged [3][4]. According to the WID, the objectives are to
· Introduce collection of MBSFN UE Measurements with UE geographical location, with the purpose to support the following: 

· Verification of MBSFN actual signal reception

· Support planning and reconfiguration such as 

· MBSFN areas 

· MBMS operation parameters selections 

· Specify MBSFN radio reception measurement(s) to be collected utilizing the 3GPP Minimization of Drive Test (MDT) functionality. 

In this contribution, the requirements for MBSFN reception quality measurement are reviewed, followed by a discussion on the reference signals for MBSFN measurements and the MBSFN measurement metrics. The UE measurements related to UE geographical location are not discussed in this contribution since that depends upon the exact positioning method used in E-UTRAN.
2 Requirement
For MBMS support in LTE, MBMS system information is broadcast by cell-specific transmission, and MBMS control and data, which are carried over MCCH and MTCH, are transmitted by MBSFN area specific transmission on PMCH subframes. A UE interested in certain MBMS services should first read MBMS related SIBs (at least SIB13) to acquire MCCH configuration, and then receive MCCH and MTCH based on the MCCH on PMCH subframes [5]. 
In the current MBMS scheme, the network has difficulties to know the reception quality of the MBMS services being delivered to UEs, since the current MBMS transmission is unacknowledged, and there is no MBMS related measurement and reporting schemes. In some cases, a UE may fail to receive MBMS transmission. In some case, UEs are located at a coverage hole or at the edge of a MBSFN area, where the UE experiences a low received power of the MBSFN transmission. In another case  where only macro cells provide MBMS transmission in a heterogeneous deployment, a UE could encounter strong interference from a pico cell when receiving MBMS transmission, noting that the UE would not reselect or handover to the pico cell even if it moves close to the pico cell since it is interested in the MBMS service from the macro cells. 
Observation: MBSFN radio reception measurements should be able to detect SFN coverage holes and high interference areas, such as caused by the presence of cells that don’t participate in the MBMS transmission within the MBSFN area.
Currently, the only way for MBSFN area planning is to do manual drive test, which is costly, polluting and inaccurate. On the other hand, new solutions can be considered to introduce reception quality measurement which can be reported to the network, in order to assist the network to optimize the parameters for MBMS transmission, such as area reconfiguration, transmission parameter selection, etc. To reduce specification effort, the MBSFN reception measurement can be collected utilizing the minimization of drive test (MDT) functionality. 
The current MDT introduced in Rel-10 is only for unicast transmission [6], and the MDT measurement is reusing RRM measurements with optional location information. The current MDT includes immediate and logged MDT reports for connected and idle UEs, respectively. Specifically, connected UEs can report related RRM measurement and possible location information to the network at any time, and idle UEs can log the measurement results and only report them when switching to connected state. 
3 Reference signal for MBSFN measurements
The current RRM measurements are mainly used for mobility of unicast transmission, and the cell-specific reference signal (CRS) is used for the measurements. Since MBMS transmission is MBSFN area specific, CRS is not suitable for the measurement. It is straightforward to consider the MBSFN reference signal (MRS) for MBSFN measurements, which are scrambled by MBSFN area ID.
Proposal 1: MBSFN reception quality measurements and reports should be MBSFN area specific. Measurements should be based on MBSFN RS.
Another difference from the CRS is that the MRS is only transmitted in MBSFN subframes, and only when there is PMCH transmission. So the measurement timing and accuracy may be impacted by the MRS transmission. In the current RRM measurement for unicast transmission, a connected UE without DRX configuration should get one measurement result for one 200ms duration, during which 4 or 5 measurements are performed by typical UE implementation. A connected UE with DRX configuration has a relaxed requirement, where one measurement can be taken with 5*DRX periodicity. For measurement of one MBSFN area, the subframes that can provide stable measurement are the MCCH and the MTCH subframes for the same MBSFN area. 
There are several factors that may lead the requirement of RRM measurement for MBMS to be relaxed compared to unicast transmission. First, MBSFN reception can enjoy the SFN combining gain which usually has stronger reception strength than unicast transmission. Second, the resource elements of MBSFN RS in a subframe are denser than that of CRS, and the UE knows the whole bandwidth over which the MBSFN RS are transmitted since the UE needs to decode system information prior to receiving MBMS. Third, MBSFN measurements utilizing the 3GPP Minimization of Drive Test (MDT) functionality would not be used for mobility, so the measurement periodicity may be longer than for the current RRM measurements. 
Proposal 2: Discuss whether the requirements for MBSFN reception quality measurements can be relaxed compared to RRM measurements for unicast transmission, such as measurement periodicity.
4 MBSFN measurement metrics
In LTE, the main measurement metrics for unicast transmission include RSRP, RSSI and RSRQ, from which the quality of the transmission is described. Similar metrics taking into account the SFN effect may be defined based on MBSFN RS.

In order to support the MBSFN quality measurement, the following metrics can be considered: 
· MBSFN Reference signal received power (MRSRP) 

· E-UTRA Carrier MBSFN Received Signal Strength Indicator (MRSSI)

· MBSFN Reference Signal Received Quality (MRSRQ)
· MBSFN Signal to Interference plus Noise Ratio (MSINR)

MRSRP
MBSFN Reference signal received power indicates the power strength of the received MBSFN RS within the bandwidth at the UE location, which can be defined as the linear average over the power contributions (in [W]) of the resource elements that carry MBSFN reference signals within the whole bandwidth. 
The reference point for the MRSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding MRSRP of any of the individual diversity branches.
This parameter is applicable for RRC_IDLE intra-frequency case and RRC_CONNECTED intra-frequency case. Utilizing the MDT functionality for MBSFN measurements collection means that the results don’t need to be obtained in a time-critical manner. The measurements for other frequencies supporting MBMS can be obtained from other UEs. So there is no need to introduce the inter-frequency measurements for MBMS.
E-UTRA carrier MRSSI

E-UTRA Carrier MBSFN Received Signal Strength Indicator (RSSI), which indicates the total received power, comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 4, in the whole bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving MBSFN areas, co-channel non-serving cells, adjacent channel interference, thermal noise etc.
This parameter is applicable for RRC_IDLE intra-frequency case and RRC_CONNECTED intra-frequency case.
MRSRQ
MBSFN Reference Signal Received Quality (RSRQ) can be defined as the ratio N×MRSRP/(E-UTRA carrier MRSSI), where N is the number of RB’s of the E-UTRA carrier MRSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

The reference point for the MRSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding MRSRQ of any of the individual diversity branches.
This parameter is applicable for RRC_IDLE intra-frequency case and RRC_CONNECTED intra-frequency case. 
MBSFN Signal to Interference plus Noise Ratio (MSINR)
Comparing with the unicast transmission, there is no CSI feedback to the RAN in the MBSFN transmission. Thus it is difficult for the RAN to know which MCS is suitable. To support the MBMS operation parameters selections, some new measurements such as MBSFN signal to interference plus noise ratio (MSINR) could be considered. This measurement is similar to wideband CQI. The UE should derive the wideband CQI value based on MBSFN RS.  
Based on the above discussion, new metrics should be defined for MBSFN measurements if introduced. Considering the case for coverage hole, at least MRSRP should be introduced. For interference limited cases, e.g., in HetNet deployment, MSINR should be introduced, and MRSRQ is FFS. 
Proposal 3: MBSFN measurement MRSRP and MSINR should be introduced, and FFS for MRSRQ. 
5 Conclusions
In this contribution, the requirement for MBSFN reception quality measurement and standard impact are discussed.  The following are proposed:
Proposal 1: MBSFN reception quality measurements and reports should be MBSFN area specific. Measurements should be based on MBSFN RS.
Proposal 2: Discuss whether the requirements for MBSFN reception quality measurements can be relaxed compared to RRM measurements for unicast transmission, such as measurement periodicity.

Proposal 3: MBSFN measurement MRSRP and MSINR should be introduced, and FFS for MRSRQ. 
Specification impact for this work item is expected to be the following:

· 36.214 should define UE measurement capabilities for each type of new measurement (MRSRP, MSINR, MRSRQ if defined) and the resource elements used for taking the measurement.

· 36.331 should define procedures for logging and reporting the measurements.

· 36.133 should define the RRM requirements.
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