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1 Introduction
In RAN1#74bis, measurements for enhancement of MBMS operation were discussed with the following conclusions: 

· 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

The working assumptions of new measurements in RAN1#74bis were made as follows:

· 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.

This paper discusses the general aspects of MBMS operations and physical layer measurements required to enhance MBMS operation.  
2 Targets of MBMS Measurements
MBMS-specific physical layer measurements are to verify MBSFN actual signal reception, to define MCS configuration, and to support planning and reconfiguration of MBSFN areas.   The MBMS application layer has additional forward error correction (FEC) capability to correct some residual errors from lower layers.  In order to achieve the three main targets, identification of coverage holes, cell addition/removal of an MBSFN area, and identification of appropriate MCS level, MBMS-specific RSRP and RSRQ-type  measurements were identified as the working assumption for MBMS system optimization.  
· MBMS-specific RSRP per MBSFN area 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.   MBMS-specific RSRP is useful to verify SFN-type operation for MBMS service and identify coverage holes in which the MBMS-specific 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.
· MBMS-specific “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.  MBMS-specific “RSRQ” could be used for verification of long term MCS setting.  Traditionally, RSRQ is defined as RSRP/RSSI. However, in MBSFN operation, the dominant component of the RSSI will be the RSRP, and therefore this kind of RSRQ applied directly to MBSFN operation would typically always result in a value around 0dB. Therefore to create a useful measurement for MBSFN, it is necessary to subtract out the RSRP from the denominator of the measurement.    
The other important aim of the new MBMS measurements is to correlate the application errors of a MBMS service (after correction of residual errors through application layer FEC) to the errors caused by radio channel. This would facilitate the joint selection of application layer FEC rate and physical layer MCS, which is a complex problem that is not easily optimised unless both the error rates at MAC and application layer are available.
   Therefore Multicast Channel Block Error Rate (MCH-BLER) is recommended.  
MCH-BLER is more useful than reporting MBMS supportable MCS or MBMS CQI, since the latter do not indicate the actual BLER and hence do not enable the residual application layer errors to be correlated with those in the radio layers, and therefore do not help in the joint code rate selection.  

Since each MBSFN area can support time multiplexing of multiple MCHs, where each MCH is associated with a MBMS application, it is helpful to define the MCH-BLER measurements separately for each MCH. :
· MCH-BLER – The multicast channel block error rate (MCH-BLER) should be computed separately for each MCH (which by definition means that there are separate measurements per MBSFN area since each MBSFN area has its MCHs.)    
3 MBMS-specific Physical Layer Measurements
Physical layer measurements, Multicast Channel Block Error Rate (MCH-BLER), Physical Multicast Channel Reference Signal Received Power (PMCH-RSRP) and Physical Multicast Channel Reference Signals Received Quality (PMCH-RSRQ), are defined below, for the indication of errors in the transport block decoding, radio link received signal strength, and radio link quality respectively.  

Multicast Channel BLER (MCH-BLER)
	Definition
	Multicast channel block error rate (BLER) for a given configured MBSFN area. The BLER estimation shall be based on evaluating the CRC of each MCH transport block after radio link combining. The BLER shall be computed over the measurement period as the ratio between the number of received transport blocks resulting in a CRC error and the number of received MCH transport blocks of an MCH.



	Applicable for
	RRC_CONNECTED intra-frequency

RRC_IDLE intra-frequency


Physical Multicast Channel Reference Signal Received Power (PMCH-RSRP)

	Definition
	Physical Multicast Channel Reference signal received power (PMCH-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry MBSFN reference signals (MBSFN-RS) in the whole system bandwidth for MBSFN subframes corresponding to a given MBSFN area.

The reference point for the PMCH-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_CONNECTED intra-frequency


Physical Multicast Channel Reference Signal Received Quality (PMCH-RSRQ)
	Definition
	Physical Multicast Channel RSRQ (PMCH-RSRQ) is defined as the ratio of PMCH-RSRP/(MBSFN-RSSI – PMCH-RSRP) over the measurement period for MBSFN subframes corresponding to a given MBSFN area.   
MBSFN Carrier Received Signal Strength Indicator (MBSFN-RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing MBSFN reference symbols for antenna port 4, in the whole system bandwidth, by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc, over the measurement period for MBSFN subframes corresponding to a given MBSFN area. 

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



	Applicable for
	RRC_CONNECTED intra-frequency

RRC_IDLE intra-frequency


4 Conclusions
In relation to the targets of new MBMS measurements, it is identified that a further important target is assisting the joint selection of application layer FEC rate and radio layer MCS. 
To support this, MCH-BLER is needed. 

In relation to MBMS “RSRQ”, we conclude that the RSSI measurement should exclude the wanted signal, and should therefore be defined as MBMS_RSRP/(RSSI – MBMS_RSRP).

Definitions of the three new measurements are provided. 
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� The MBMS SYNC protocol has the capability of recording the missing packets, which include packet loss and late arrival, from the core network, and we assume that this information is available.





