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1 Introduction
In RAN1 #74bis, the following conclusions were made for the further MBMS operation support WI [1]. 

· Main targets of new measurements: 

· identification of coverage holes

· identification of when cells should be added to / removed from an MBSFN area

· identification of appropriate long-term MCS

· Possible additional aim:

· identification of location of packet loss (i.e. in the RAN or elsewhere)

· determination of application layer FEC rate
· Working Assumption:

· Adopt at least 2 new measurements as follows:

· MBSFN RSRP per MBSFN area

· MBSFN RSRQ or RSRP/(RSSI-RSRP) per MBSFN area

· FFS:

· MBMS error rate per M(T?)CH

· MBMS supportable MCS (collected MBMS CQI) per MBSFN area

· Consideration of possible measurement to identify excess delay is not precluded. 

· Discuss details and definitions at RAN1#75.
In this contribution, we further discuss the corresponding UE measurements for MBSFN.
2 Discussion

With the working assumptions that MBSFN RSRP and MBSFN RSRQ or RSRP/(RSSI-RSRP) shall be defined, the detailed definition needs to be agreed on. 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 the MBSFN reference signal [3] of an MBSFN area 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 in all OFDM symbols containing PMCH corresponding to the MBSFN reference signal of an MBSFN area, 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.
In the definition of M-RSRQ, some discussion is needed on whether M-RSSI shall be averaged over all OFDM symbols that carry PMCH or carry only MBSFN reference signal. In case of the former, the CRS interference from eNBs out sides of the MBSFN area is counted in when estimating M-RSSI, which can better reflect the PMCH reception quality. In addition, more OFDM symbols can be used to estimate M-RSSI in the former case, which leads to more accurate results. Thus, M-RSSI shall be estimated over all OFDM symbols containing PMCH corresponding to the MBSFN reference signal of an MBSFN area.

Among the main targets of MBMS measurement, the target of long-term MCS adaptation for MBMS may not be achieved by MBSFN RSRP and RSRQ. This is mainly due to different UE implementations that lead to different processing gains after the antenna connector. Hence it is beneficial to define one additional measurement for the purpose of long-term MCS adaptation for MBMS. The MBMS error rate or collected MBMS CQI can both serve such a purpose. However, defining MBMS error rate is simpler and can be sufficient for long-term MCS adaptation for MBMS. Hence, we have a preference to define MBMS error rate. The MBMS error rate can refer to the error rate of MTCH, MCH, or PMCH. As PMCH is the physical channel and can better reflect the signal reception quality, it is preferred to use PMCH to define the MBMS error rate. It is noted that the PMCH error rate shall be defined corresponding to a certain MCS level, as shown in Table 3. In order to guarantee the measurement accuracy, the PMCH error rate shall be averaged over at least X PMCH TBs, where the value of X is for further study. The UE which can measure PMCH error rate must be receiving the corresponding MBMS service and hence it is not necessary to support inter-frequency measurement for PMCH error rate.
Table 3: PMCH error rate
	Definition
	PMCH error rate is defined as the PMCH transport block error rate corresponding to an MCS level in an MBSFN area, averaged over at least [X] PMCH transport blocks. 

	Applicable for
	RRC_IDLE intra-frequency,

RRC_CONNECTED intra-frequency,


3 Conclusions
In this contribution, we provide MBMS measurement definitions for MBSFN RSRP and MBSFN RSRQ. In addition, it is proposed to define an MTCH error rate, for the purpose of long-term MCS adaptation for MBMS. It is proposed to consider and adopt these MBMS measurement definitions. 
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