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1
Introduction

In [1] a new work item on further MBMS operations support for E-UTRAN has been agreed. The objectives of this newly agreed WI are listed below:

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

During RAN1 #74bis, the following metrics are agreed for MBSFN UE measurements:

· MBSFN RSRP per MBSFN area

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

In this contribution, we discuss some open issues and give text proposals for the introduction of the above measurements in the physical layer specification. 

2
Discussion

The following topics were left for further discussion and will be addressed in this contribution: 
1. Use of either MBSFN RSRQ or RSRP/(RSSI-RSRP)
2. Measurement subframes

3. Measurement bandwidth
4. OFDM symbols to be used for RSSI measurement

5. Intra- / Inter-frequency measurement

6. Any possible ambiguity of the UE determination of valid measurement subframes
In the following, we address each of the above topics. 
2.1
MBSFN RSRQ vs. RSRP/(RSSI-RSRP)
Given that RSRQ = RSRP / RSSI, the two quantities in question can be simply calculated from each other, i.e.
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Therefore, the two quantities are equivalent if we ignore quantization effects.  Since for high values of RSRP/(RSSI-RSRP), the usefulness of RSRP/(RSSI-RSRP) is anyhow questionable as discussed in [4], we prefer to use RSRQ. 

Note that if a third measurement, such as MBMS CQI, is defined, we think that RSRQ should be still kept since RSRP and RSRQ can be easily measured and reported together. 
2.2
Measurement subframes
To avoid additional power consumption and measurement burden for UE to collect MBSFN radio level metric, we would prefer UE to start collecting the metric when it starts receiving MBMS service and it only collects such metric during those MBSFN subframes when it receives MBMS service. In order to be able to collect data even in cases where the MBSFN signal quality does not allow receiving adequate MBMS service, defining minimum dwell time may be required. This detail is for future RAN2 and RAN4 discussion.     

The measurement collection should be separated corresponding to different MBSFN areas and the collection can be restricted to the MBSFN area(s) in which the UE actively receives MBMS service.  

We assume that UE may have a certain predefined buffer length to store such MBSFN metric and depending on the number of MBSFN subframes needed for average as well as the number of MBSFN subframes allocated for the service of interest in the MBSFN area(s) the UE is monitoring, the actual associated time duration can vary.  Such details are for future RAN2 and RAN4 discussion. 

2.3
Measurement Bandwidth

It would be natural to define the measurement bandwidth to be equal the channel bandwidth because the MBMS data spans the whole channel bandwidth and the UE already processes the whole bandwidth in the measured subframes if measurement is performed in subframes where the UE demodulates MBMS data. 
However, in our view, the required (or allowed) measurement bandwidth should be discussed and defined in RAN4. 
2.4
OFDM symbols to be used for RSSI measurement
In the case of unicast measurements, either only the symbols carrying CRS or all symbols are included in the RSSI measurement. In our view, for the MBSFN measurements, all symbols of the MBSFN portion of the measured subframe should be included. This has the following benefits:
· Better statistical averaging by including more measurement samples

· Better capturing average interference caused by interfering unicast cells in non-full buffer cases

2.5
Intra- / Inter-frequency measurement
In a sense, all MBSFN measurements can be called intra-frequency if measurement is only performed in subframes where the UE demodulates MBMS data. This can be extended to MBSFN measurements on a SCell also when the UE is configured with CA, since SCell measurement is considered intra-frequency.  
However, there is also the case when a CA capable UE is not configured with CA and the UE performs eMBMS operation on a cell that is not a serving cell.  We will call this inter-frequency measurement from the network’s perspective.  
With this definition, the measurements are applicable both to intra-frequency and inter-frequency; however, with the restriction that they are only applicable to frequencies over which eMBMS service is being received.  
2.6
Ambiguity due to MBSFN subframe carrying PDSCH

One particular issue related to MBSFN measurement collection is the possibility of MBSFN subframes being reused for TM9/10 transmissions.  UEs attempting to decode PMCH in these frames would fail to decode, which is not a serious concern in itself; however, these cases would unduly bias that decoding error statistics and they would introduce errors in the MBSFN RSRP, MBSFN RSRQ and MBMS CQI reports as well. 

In the case of MBMS CQI and MBMS error rate, if the measurements are accompanied with a time stamp, the network could identify which subframe measurements need to be discarded because they didn’t correspond to valid PMCH transmissions.  However, in the case of MBSFN RSRP/RSRQ, the measurements are already averaged; therefore the error removal may not be straightforward. 

We do not believe that the above should be a serious concern because we think that the UE deriving the occurrence of PMCH subframes from the MSI is highly accurate. The errors introduced by the infrequent occasional mismatch between MSI and PMCH would not give rise to significant errors. 

However, if a solution to eliminate the impact of mismatch is decided to be implemented, one of the following solutions could be used:

1. Network always transmits PMCH according to MSI 

2. UE includes time stamp with measurements, which the network can post-process to eliminate TM9/10 transmission cases
3. Define an ‘anchor PMCH set’. For example, only the first 80% of the MSI scheduling period should be used for measurements

2.7
Introduction of MBSFN RSRP and RSRQ in the specification

In the following, we give an example text proposal for TS36.214 for the implementation of the new MBMS radio measurements. 
====================== Start of text proposal ===============================================
Reference Signal Received Power (RSRP)
	Definition
	Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.

For RSRP determination the cell-specific reference signals R0 according TS 36.211 [3] shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RSRP.

The reference point for the 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 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 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.

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 signal within the considered measurement frequency bandwidth and within the considered MBSFN subframes. Higher-layer indicates the set of subframes for performing MBSFN RSRP measurements. 
For MBSFN RSRP determination the reference signals on antenna port 4 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, (on frequencies over which eMBMS service is received),
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency, (on frequencies over which eMBMS service is received)


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.

Reference Signal Received Quality (RSRQ) 
	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, 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. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframes.
The reference point for the 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 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


MBSFN Reference Signal Received Quality (MBSFN RSRQ) 
	Definition
	MBSFN Reference Signal Received Quality (MBSFN RSRQ) is defined as the ratio N×MBSFN RSRP/(MBSFN carrier RSSI), where N is the number of RB’s 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 RSSI), comprises the linear average of the total received power (in [W]) observed over all OFDM symbols in the MBSFN portion of the measurement subframes and 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. 
Higher-layer indicates the set of subframes for performing MBSFN RSRQ measurements.
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, (on frequencies over which eMBMS service is received),
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency, (on frequencies over which eMBMS service is received)


====================== End of text proposal ===============================================
3
Conclusions

In this contribution, we discussed several open issues for the MBSFN radio measurements and gave a text proposal for defining the measurements in the physical layer specification. 
We made the following proposals:

· Introduce MBSFN RSRQ instead of RSRP/(RSSI-RSRP)
· The UE starts collecting MBSFN radio level metric when it starts receiving MBMS service and it only collects such metric during those MBSFN subframes in which it receives MBMS service. In order to be able to collect data even in cases where the MBSFN signal quality does not allow receiving adequate MBMS service, defining minimum dwell time may be required. 
· The measurement bandwidth (required / allowed) should be defined by RAN4

· All OFDM symbols in the MBSFN region should be used for RSSI measurement

· The measurements are applicable both to intra-frequency and inter-frequency; however, with the restriction that they are only applicable to frequencies over which eMBMS service is being received.  
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