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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 

There have been discussion on other metrics such as MBSFN SINR, supportable MCS (MBMS CQI), MBMS BLER, etc. in addition to the above two agreed parameters.

In this contribution, we list our consideration on the additional MBSFN measurement metrics and explain why they can be of further use in addition to those two agreed metrics. Based on our analysis and simulation, we further recommend adding MBMS CQI for the MBSFN UE measurement.
2
Discussion

2.1
Analysis of additional MBSFN measurement metrics
Even though the details on MBSFN RSRP and RSRQ have not been finalized, their definition would be expected to be fairly similar to the one of the existing unicast RRM measurements. Therefore, in the presence of multiple receive antennas, the reported MBSFN RSRP and RSRQ values are expected to be no lower than the ones of any of the individual diversity branches. This would imply the following:

· MBSFN RSRP and RSRQ (or RSRP/(RSSI-RSRP)) can indicate which MBSFN area has a stronger RS or RS quality

· MBSFN RSRP and RSRQ (or RSRP/(RSSI-RSRP)) cannot fully capture the antenna imbalance, correlation and excessive delay spread which are often present in the real deployment. 
On the other hand, the antenna imbalance, correlation and the impact of excessive delay spread will play in role for configuration of an MBSFN area. If network configures MCS ignoring the impact of these aspects, the physical transmission may either suffer significant error rate or the data rate may be artificially low, resulting into resource under-utilization.
To resolve the potential resource under-utilization issue, the additional MBSFN measurements can be considered. Among the three possible additional metrics:

· The SNR internal to the UE is not directly observable. Different UEs placed in the same conditions may measure different internal SNR (especially at high SNR levels, which are of interest in some deployment cases) due to implementation differences, while the UEs may still have the same demodulation performance
· It is not straightforward to realize a precise SNR value in UE tests because the signal and noise components are often generated by different equipment

· There would have to be an agreed definition of averaging SNR across frequency or time or both. The averaging method could be linear average of SNR, linear average of signal power divided by linear average of noise power, spectral efficiency average, etc.

· All of the above drawbacks can be removed by defining an MBMS CQI measurement.

· With BLER report, network can adjust MCS setting with such report. For example, very low BLER report from majority UEs means MCS can be increased while very high BLER means the MCS setting is too aggressive. Compared to MBMS CQI report, the BLER report requires a few steps to reach at the optimum network setting.

2.2
Performance evaluation
In this section, we perform system evaluation comparison between RSRQ and MBSFN SINR. The simulation assumptions are listed Table 1.
Table 1 System Simulation Parameter Setting

	Parameter
	Value

	Operating frequency
	2GHz

	Channel BW
	5 MHz

	Propagation channel model
	3GPP ETU

	Doppler
	3 km/h

	ISD
	 0.5 km (D1)

	Number of eNB antennas
	2

	Number of UE antennas
	2

	eNB Tx power
	43 dBm

	eNB antenna gain
	17 dBi

	eNB antenna downtilt
	10 degrees

	UE antenna gain
	0 dBi

	UE antenna gain imbalance
	0 dB

	Number of MBSFN areas
	1

	Number of MBSFN sites (3 cells)
	7

	Number of unicast sites (3 cells)
	12

	Number of MBSFN subframes per frame
	6

	Number of MBSFN subframes used for MBMS per frame
	6


The simulation topology is illustrated in Figure 1 where the sites marked in green (both dark green and light green) are transmitting MBSFN signals while the sites marked in red are transmitting unicast signals.
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Figure 1 Simulation topology – 19-site wrap around model

With the above assumptions, we obtained the results shown in Figure 2 below over 900 randomly dropped sample UEs within the center cell. 
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Figure 2  MBSFN SINR vs RSRP/(RSSI-RSRP)
The blue and red curves in Figure 2 represent demod SNR with two different antenna imbalance values, while the green curve represents RSRP/(RSSI-RSRP), which is the same for both antenna imbalance values. 

It can be observed from Figure 2 that MBSFN SINR can effectively capture the impact with antenna imbalance, i.e., when the diversity antenna is weak, the corresponding SINR is also lower. On the other hand, the RSRQ based report yields same value irrespective of the antenna imbalance. It can be further expected that such behaviour will also be present with different antenna correlation and different excess delay spread and/or different channel models.
With any SNR measurement, some frequency domain averaging method should be also defined to properly account for the impact of frequency selectivity of the channel. Such averaging method is implicitly applied in the CQI calculation but it is not straightforward to define an averaging for an explicit MBSFN SINR measurement.  
Due to that above reason and also due to the testability issue associated with MBSFN SINR, we propose to define an MBMS CQI metric instead of MBSFN SINR.

Note that RSRQ cannot capture the effects of frequency selectivity at all since only the linear average of power across the measurement bandwidth is used. Also note that for the UEs that are the limiting cases for eMBMS, the SFN delay spread is typically large, therefore the channel is almost always frequency selective. 
Example specification implementation of the MBSFN CQI measurement has been listed in [2] hence is not repeated in this contribution. 
3
Conclusions

In this contribution, we list our views on the additional MBSFN measurement metrics in addition to the agreed MBSFN RSRP and RSRQ. The performance evaluation further confirms the benefit with MBSFN SNR related metrics. 
Based on the analysis and performance results, we propose to add MBSFN CQI in the MBSFN UE measurements to complement the MBSFN RSRP and RSRQ metrics. 
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