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1 Introduction
In RAN #61, a new work item on further support for MBMS operation is approved in [1], where RAN1 is tasked to define UE measurement for MBSFN. In this contribution, we discuss the corresponding UE measurement for MBSFN and present initial evaluation results.
2 Discussion

According to the WID in [1], the MBSFN measurement is to support verification of MBSFN actual signal reception and support planning and reconfiguration such as MBSFN area. It is understood that the work is for the MBMS traffic only, not for unicast traffic transmitted in MBSFN subframes.

To support UE measurement on MBMS, it is natural and straightforward to define RSRP and RSRQ based on the MBSFN reference signal. In Table 1 and Table 2, we provide the definition for M-RSRP and M-RSRQ, adapted from the existing definition for RSRP and RSRQ respectively.
Table 1: MBSFN Reference Signal Received Power (M-RSRP)

	Definition
	MBSFN Reference signal received power (M-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry MBSFN reference signal [3] within the considered measurement frequency bandwidth.

The reference point for the M-RSRP 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 M-RSRP of any of the individual diversity branches. 

	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency (FFS),

RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency (FFS)


Note1: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine M-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

Note 2: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP. 

Table 2: MBSFN Reference Signal Received Quality (M-RSRQ)
	Definition
	MBSFN Reference Signal Received Quality (M-RSRQ) is defined as the ratio N×RSRP/(MBMS carrier RSSI), where N is the number of RB’s of the MBMS carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.
MBMS Carrier Received Signal Strength Indicator (M-RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing MBSFN reference signal, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.

The reference point for the M-RSRQ 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 M-RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency (FFS),
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency (FFS)


It shall be noted that the in Table 1 and Table 2, inter-frequency measurement for M-RSRP and M-RSRQ is left as FFS. It is currently unclear whether UE reporting MBSFN measurement must be receiving the MBMS service or not. If yes, then inter-frequency measurement is not necessary for the MBSFN measurement, and is needed otherwise. However, it is noted that supporting inter-frequency MBSFN measurement may require redefining the measurement gap pattern, since the transmission periodicity of a MBMS traffic can be up to 2560ms. 
Figure 1 shows the M-RSRP measurement error with the simulation assumptions in Table 3. It is observed that with a 200ms measurement periodicity and 5 subframes for M-RSRP measurement (i.e. Case 1), the M-RSRP measurement accuracy is good even at -6 dB SNR. However, with a 2560 measurement periodicity and 1 subframe for M-RSRP measurement (i.e. Case 2), the M-RSRP measurement accuracy degrades significantly for the evaluated SNRs of -3 and -6 dB. However, it shall be further evaluated via system level simulation on the achievable SNR range for MBMS, considering different configurations of the MBSFN area.
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Figure 1: M-RSRP measurement

Table 3: Simulation assumptions

	Parameters
	Values

	Carrier frequency
	2.0 GHz

	System bandwidth
	1.4M

	Measurement bandwidth
	6 PRBs

	Measurement time resource
	Case 1: Measurement periodicity of 200ms, within which 5 subframes every 40ms are used for measurement

Case 2: Measurement periodicity of 2560ms, within which 1 subframe every 2560ms is used for measurement

	L3 filtering
	Disabled

	Transmit antenna
	1

	Receive antennas
	2

	DRX/DTX
	OFF

	Propagation conditions
	MBSFN propagation channel (TS36.101 Table B.2.6-1)

	Noc
	AWGN

	Es/Noc
	-6 dB, -3dB


3 Conclusions
In this contribution, we provide some initial discussion on MBSFN measurement. It is proposed to define RSRP and RSRQ based on MBSFN reference signal as the MBSFN measurement, denoted as M-RSRP and M-RSRQ. Whether inter-frequency M-RSRP and M-RSRQ measurement shall be supported is FFS, depending on whether M-RSRP and M-RSRQ should be measured and reported by UEs not receiving the corresponding MBMS traffic. In addition, the M-RSRQ and M-RSRQ measurement accuracy is for further study. 
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