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1 Introduction

E-UTRAN Multicast Broadcast Multimedia Services (MBMS) uses Multicast-Broadcast Single Frequency Network (MBSFN) to transmit multicast or broadcast data, where a UE receives combined signals from multicell transmissions. 
For MBFSN service, there is no feedback from UE to the network on the reception quality of the combined MBSFN signals, which makes it difficult to know the quality of services MBMS being delivered. 

The WI “Further MBMS operations support for E-UTRAN” [1,2] was created to address above issue, where MBSFN signal quality is collected and reported back to the network. In order to support the data collection, RAN1 introduced a new mechanism to support MBMS related measurements [3, 4]. 

For the measurement time and frequency: 

· The measurements are made only in subframes and on carriers where the UE is decoding PMCH

For the measurement definitions

· Adopt MBSFN RSRP per MBSFN area
· Adopt MBSFN RSRQ per MBSFN area

· MBSFN RSSI averaging is over only OFDM symbols carrying MBSFN RS

· Adopt an MCH BLER measurement per MCS per MBSFN area 

Note: RAN1 believes it is up to RAN2 to decide the applicability of the measurements to RRC_IDLE and RRC_CONNECTED.
The corresponding changes in TS36.214 are given in the endorsed CR R1-135918 [3]. An LS on further MBMS operations support for E-UTRAN was sent to inform RAN2 and RAN4 regarding the agreements [4]. The LS also “asks RAN4 to define the appropriate range, quantization and measurement period for the measurements and to take the above agreements into account in their future work on further MBMS operations support for E-UTRAN.”
In this paper, we discuss the performance requirements for MBSFN RSRP and RSRQ measurements according to RAN1’s decision. 
2 Discussion
The purpose of collecting MBMS-specific physical layer measurements is to verify MBSFN actual signal reception, to define MCS configuration, and to support planning and reconfiguration of MBSFN areas.  In order to achieve the three main targets: a) identification of coverage holes, b) cell addition/removal of an MBSFN area, and c) identification of appropriate MCS level, RAN1 defined MBMS-specific RSRP, RSRQ, and MCH BLER measurements for MBMS system optimization.  To facilitate the discussion, the definitions for the MBSFN RSRP and RSRQ measurements [3] are copied as follows.

2.1 Definition of MBSFN RSRP and RSRQ measurements
MBSFN Reference Signal Received Power (MBSFN RSRP)

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

For MBSFN RSRP determination the MBSFN reference signals R4 according TS 36.211 [3] shall be used. 

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

	Applicable for
	[RRC_IDLE intra-frequency,]

[RRC_IDLE inter-frequency,]

[RRC_CONNECTED intra-frequency,] 

[RRC_CONNECTED inter-frequency]


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 MBSFN 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.

Note 3: The measurement is made only in subframes and on carriers where the UE is decoding PMCH.
MBSFN Reference Signal Received Quality (MBSFN RSRQ)
	Definition
	MBSFN Reference Signal Received Quality (RSRQ) is defined as the ratio N× MBSFN RSRP/(MBSFN carrier RSSI), where N is the number of RBs of the MBSFN carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks. 

MBSFN Carrier Received Signal Strength Indicator (MBSFN carrier RSSI), 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 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 MBSFN 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 MBSFN RSRQ of any of the individual diversity branches.

	Applicable for
	[RRC_IDLE intra-frequency,]

[RRC_IDLE inter-frequency,]

[RRC_CONNECTED intra-frequency,] 

[RRC_CONNECTED inter-frequency]


Note 1: The measurement is made only in subframes and on carriers where the UE is decoding PMCH.

2.2 Discussion on MBSFN RSRP and RSRQ measurements
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MBSFN RSRP 

MBSFN RSRP would provide the average PMCH signal power over a period of time, which would provide an indication of non-coherent combining channel gain of all MBSFN cells over the measurement period in a MBSFN area.   MBSFN RSRP is useful to verify SFN-type operation for MBMS service and identify coverage holes in which the MBSFN RSRP is consistently low over time in a given geographic location.  In particular, it could help to identify if UEs at the edge of an MBSFN area would have sufficient received power.

As shown in last section, the definition of the MBSFN RSRP follows basically the similar approach as legacy RSRP measurements. The main difference is that legacy RSRP is measured per cell, i.e., based on the reference signals for each cell, while MBSFN RSRP is per MBSFN area, i.e., measured based on the combined reference signals from multiple MBMS cells in a MBSFN area. 
In MBSFN operation, MBMS data is transmitted simultaneously over the air from multiple time-synchronized cells. A UE receiver will therefore observe multiple versions of the signal with different delays due to the multicell transmission. The transmissions from the multiple cells are normally sufficiently synchronized for each to arrive at the UE within the extended Cyclic Prefix (CP) at the start of the symbol in order to reduce inter-symbol interference. As the differences in propagation delay from multiple cells will typically be considerably greater than the delay spread in a single cell, the longer CP helps to ensure that the signals remain within the CP at the UE receivers. In effect, this makes the MBSFN transmission appear to a UE as a transmission from a single large cell, and the UE receiver may treat the multicell transmissions in the same way as multipath components of a single-cell transmission without incurring any additional complexity. 
Proposal 1: Due to the facts that UE is required to measure combined MBSFN reference signals from multiple time-synchronized cells and the differences in propagation delay from multiple cells will typically be considerably greater than the delay spread in a single cell, the impact of propagation time differences from different cells should be explicitly considered when defining the MBSFN RSRP measurement performance.
MBMS reference signal pattern embedded in the PMCH (designated ‘antenna port 4’) is different from normal cell reference signal pattern. MBMS RSs are spaced more closely in the frequency domain than for CRS. The separation of MBMS RS is every other subcarrier instead of every sixth subcarrier. This improves the accuracy of the MBMS RS measurements as well as channel estimate achieved for the longer delay spreads. 
Proposal 2: Due to the fact that MBMS RSs are spaced more closely in the frequency domain than for CRS, it is expected that the measurement accuracy for MBMSFN RSRP would be defined higher than the measurement accuracy for CRS RSRP. The performance requirements need to be defined through proper simulation investigation on MBFSN transmissions.
Proposal 3: MBSFN RSRP reporting range and quantization can be the same as CRS RSRP. Unlike CRS RSRP, MBSFN RSRP is only used for the measurement collection, but not for mobility control. Thus, MBSFN RSRP reporting period may be configured longer than CRS RSRP.
MBSFN RSRQ 

MBSFN RSRQ per MBSFN area would provide the average PMCH signal quality over a period of time, which would provide an indication of the average radio link quality over the measurement period.  MBMSFN RSRQ could be used for verification of long term MCS setting.  MBSFN RSRQ is also defined as RSRP/RSSI as legacy RSRQ. In MBSFN operation, the dominant component of the RSSI in MBMS reference symbols will be the MBSFN RSRP, and therefore when the interferences from other signals are low, the measured MBSFN RSRQ would close to 0dB. Therefore, when defining the MBSFN RSRQ measurement performance requirements, it would be important to pay special attention to the accuracy and granularity in MBSFN RSRQ measurement requirements. The MBSFN RSRQ error margins should be smaller than CRS RSRQ error margin. Otherwise, the reported MBSFN RSRQ measurements may not be too much useful to show the realistic PMCH signal quality in different service locations. 
Proposal 4: Due to the fact that the dominant component of the RSSI in MBMS reference symbols will be the MBMS RSRP, the MBSFN RSRQ is closer to 0dB under normal working conditions. Thus, the measurement performance and accuracy for MBMSFN RSRQ should be carefully defined; especially the implementation margin should not be too high.
Proposal 5: Due to the fact that the dominant component of the RSSI in MBMS reference symbols will be the MBSFN RSRP, the MBSFN RSRQ reporting range and quantization need to be defined carefully after simulation evaluations. Non-linear scale may be considered in MBSFN RSRQ reporting.  
For CRS RSRQ measurements, both narrow band and wide band RSRQ measurements are defined. For MBSFN RSRQ measurements, the UE already knows the MBMSFN carrier bandwidth and also the purpose of the MBSFN RSRQ importance to know the overall MBMSFN signal quality. Thus, in our view the new MBMSFN RSRQ should be measured in full MBMSFN carrier bandwidth. 
Proposal 6: MBMSFN RSRP and RSRQ measurement requirements should be defined in full MBMSFN carrier bandwidth.
3 Summary 

In this paper, we discuss the measurement requirements for new MBMSFN RSRP and RSRQ measurement requirements. Based on the discussion, we propose:
· Proposal 1: Due to the fact that UE is required to measure combined MBMSFN reference signals from multiple time-synchronized cells and the differences in propagation delay from multiple cells will typically be considerably greater than the delay spread in a single cell, the impact of propagation time differences from different cells should be explicitly considered when defining the MBSFN RSRP measurement performance.
· Proposal 2: Due to the fact that MBMS RSs are spaced more closely in the frequency domain than for CRS, it is expected that the measurement accuracy for MBMSFN RSRP would be defined higher than the measurement accuracy for CRS RSRP. The performance requirements need to be defined through proper simulation investigation on MBFSN transmissions.
· Proposal 3: MBSFN RSRP reporting range and quantization can be the same as CRS RSRP. Because MBSFN RSRP is only used for the measurement collection, but not for mobility control, MBSFN RSRP reporting period may be configured longer than CRS RSRP. 
· Proposal 4: Due to the fact that the dominant component of the RSSI in MBMS reference symbols will be the MBMS RSRP, the MBSFN RSRQ is closer to 0dB under normal working conditions. Thus, the measurement performance and accuracy for MBMSFN RSRQ should be carefully defined; especially the implementation margin should not be too high.

· Proposal 5: Due to the fact that the dominant component of the RSSI in MBMS reference symbols will be the MBSFN RSRP, the MBSFN RSRQ reporting range and quantization need to be defined carefully after simulation evaluations. Non-linear scale may be considered in MBSFN RSRQ reporting.

· Proposal 6: MBMSFN RSRP and RSRQ measurement requirements should be defined in full MBMSFN carrier bandwidth.
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