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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.

In this contribution, we list the detailed use cases on where the MBSFN UE measurements can be useful. We also give our recommendation on the periodicity of the measurements and the conditions triggering the measurements. 
2
Discussion

As mentioned in [2], examples of radio layer MBSFN metric can be the following or a subset of the following:

1. Signal strength related:

a) MBSFN RSRP

b) MBSFN RSRQ

2. SNR related

a) MBSFN RS SINR

b) MBMS supportable MCS (MBMS CQI)
3. Error rate related

c) MBMS error rate

In the following discussion, we give more background to each of these measurements.  

2.1
Signal strength related measurements

The definition of MBSFN RSRP and MBSFN RSRQ would be expected to be quite similar to the definition of the existing equivalent RRM measurements. The use for of these measurements is rather obvious and we believe at minimum these measurements would need to be defined. By collecting MBSFN RSRP and MBSFN RSRQ measurements, the network is able to determine the RF boundaries of MBSFN areas, and the RF map of signal strength for determining the required number of sites, antenna orientation, downtilt, etc. 

The implementation of these measurements in the RAN1 specification is fairly straightforward, an example is given below. 

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 cell-specific 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 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)


In the following, we give some initial evaluation for RSRP measurement accuracy. 
We performed system simulations with the following assumptions: 

	Parameter
	Value

	Operating frequency
	700 MHz

	Channel BW
	5 MHz

	Propagation channel model
	3GPP ETU

	Doppler
	3 km/h

	ISD
	1.7 km (D3)

	Number of eNB antennas
	2

	Number of UE antennas
	2

	eNB Tx power
	43 dBm

	eNB antenna gain
	17 dBi

	eNB antenna downtilt
	6 degrees

	UE antenna gain
	0 dBi

	UE antenna gain imbalance
	0 dB

	Number of MBSFN areas
	1

	Number of MBSFN subframes per frame
	6

	Number of MBSFN subframes used for MBMS per frame
	6

	MBSFN RSRP averaging length
	166 ms (100 MBMS subframes)


With the above assumptions, we obtained the results shown in Figures 1 and 2 below for two randomly dropped sample UEs. 
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Figure 1  RSRP error CDF
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Figure 2  RSRP error CDF

Figures 1 and 2 show the relative RSRP error distribution for the two randomly dropped UEs.  Note that for these UEs, the SNR was relatively high, 20dB and 23dB, therefore the source of the error is not measurement noise but the effect of channel power variation due to fading. In 30km/h channel, the error distribution is expected to be significantly narrower. 
These results show very little measurement bias due to relatively high SNR.  To verify the expected measurement accuracy, simulations at lower SNR would have to be performed. 
2.2
SNR related measurements

The measurements mentioned in Section 2.1 do not capture the effect of excess delay spread, which may play a role in determining the supportable eMBMS MCS in certain deployments. 
In order to capture this effect, an SNR related measurement would need to be defined. The most straightforward way to specify this is to define a direct MBSFN RS SINR measurement. However, this has the following drawbacks: 
· 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 

· 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. However, the definition of a new MBMS CQI measurement is somewhat more involved than the definitions in Section 2.1. 

Example specification implementation of the MBSFN CQI measurement is given below. 

MBMS channel quality indicator (MBMS CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1.

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

· A single PMCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. 

The MBMS CSI subframe set for the MBMS CSI reference resource is configured by higher layers for each MBSFN area. 
The MBMS CSI reference resource is defined as follows:

· In the frequency domain, the MBMS CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the full channel bandwidth.

· In the time domain, the MBMS CSI reference resource is defined by a single downlink subframe.
A downlink subframe in a serving cell shall be considered to be valid if:

· it is configured as a downlink subframe for that UE, and
· it is an MBSFN subframe, and
· the UE is configured to decode the PMCH by higher layers, and
· it does not fall within a configured measurement gap for that UE
In the MBMS CSI reference resource, the UE shall assume the following for the purpose of deriving the MBMS CQI index:

· The first 2 OFDM symbols are occupied by control signaling
· Assume no REs allocated for PRS

Table 1: 4-bit MBMS CQI Table

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


Note that the above is not a text proposal, just an example of how an MBMS CQI measurement could be specified. 
In order to make the UE MBMS CQI testable, it is desirable to have a method for the UE to indicate the decoding outcome for every subframe.  This aspect is further addressed in Section 2.3. 

Regarding MBMS CQI averaging, we assume that no averaging would be specified.  That is, the individual MBMS CQI can be logged for a period of time and then the number of subframes times 4 bits would be included in the MDT report.  

Note that no MBMS CQI averaging does not mean a restricted measurement period. It would still be up to UE implementation on what exact measurements the MBMS CQI would be based on for a given MBMS CSI reference resource. 

2.3
Error rate related measurements

Although application layer level error rate measurements already exist in MDT, it would improve measurement correlation if the physical layer error rate could be measured and if the error rate measurement was coupled with the other reported MBSFN measurement quantities.  

Since the UE should be required to take MBSFN measurements only in subframes in which it attempts to decode PMCH, the corresponding decoding success outcome is naturally known to the UE and could be stored.  If MBMS CQI logging is supported then with every subframe for which the 4-bit CQI is stored, an additional 1-bit decoding success indicator could be included. This would be helpful in correlating measurements with decoding success outcome and also would be needed to ensure the testability of the UE MBMS CQI measurement. 

RAN2 could further define average BLER metric with pre-defined or configurable averaging periods.  Long averaging could help reduce the reporting overhead. On the other hand, long averaging would reduce the information provided about the time statistics of the decoding errors, such as run length of successive error events, time correlation of errors, etc.  Preserving this information has strong benefits for the MBMS use case.    

2.4
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/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 believe 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
3
Conclusions

In this contribution, we discussed several options for MBSFN measurements to support MBMS operations. 
We propose that at least MBSFN RSRP and MBSFN RSRQ should be supported. In addition, support of MBSFN CQI together with decoding error rate report should be considered.
We have described example definitions of these measurement quantities. 
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