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1 Introduction
Following the start of the work item “Further MBMS Operations Support for E-UTRAN” [1] tasked to specify MBSFN radio reception measurement(s) to be collected utilizing the 3GPP Minimization of Drive Test (MDT) functionality; a working assumption was made at RAN #74bis to adopt at least two new measurements as follows:

· MBSFN RSRP per MBSFN area

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

Measurements of MBMS error rate per MCH or MTCH, and MBMS supportable MCS (collected MBMS CQI) per MBSFN area, need to be discussed further. The consideration of possible measurement to identify excess delay was not precluded.

The following conclusions on the targets were also made:

· 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

In this contribution, we first discuss whether RSRP and RSRQ are sufficiently good metrics for the network to adapt the long-term MCS of the PMCH, compared to CQI. We also discuss potential error rate measurements and whether such measurements should be defined along with CQI. A text proposal for the definition of MCQI is also provided.
2 Method for long-term MCS adaptation
Long-term MCS adaptation needs to be performed by the eNB for MCCH and MTCH in each MBSFN area. This adaptation is based on a certain target BLER for the MCCH and a target BLER for the MTCH, as well as targeting a certain percentage of UEs, locations and times. In this sense, UE measurements should be able to reflect the statistics of short-term channel conditions across time and space. After collecting a large set of measurements from multiple UEs, the eNB derives the distribution of the reported metric and chooses an MCS that can achieve the target BLER for e.g. 95% of the statistics. 
If the metric is a CQI that corresponds to a target BLER, then it is straightforward for the eNB to derive the long-term MCS. The process is similar to the CSI feedback for unicast. One difference is that for MBSFN MDT, the results don’t need to be obtained in a time-critical manner. Quantities of CQI value may be stored by the UE and a batch of values are transmitted in one report window. Considering that for the MCS adaptation in MBMS transmission, the network may more interested in the worst CQI values in a MBSFN area. This property can be used to reduce the CQI feedback overhead. For example, each UE reports the e.g. 10% worst CQI values” obtained during its measurement. The eNB selects the corresponding MCS based on these worst CQI values reported by all UEs. Otherwise, the UE could report the histogram of the measured CQI levels. Then the eNB can choose a suitable MCS according to the CQI distribution. If the eNB has multiple BLER targets (one for MCCH and one for MTCH), it might be useful for the UE to report two measures of CQI. 

If the metric is RSRQ or a similar metric, it is unclear how the eNB would derive a corresponding MCS. One problem is how to convert RSRQ data to a certain MCS level, since RSRQ is somewhat a long-term SINR. As has been discussed on CQI feedback design in Rel-8, under the same SINR value, different UEs may get different BLER performance due to different receiving ability e.g. receiver algorithm. Likewise, the same measured RSRQ value may result in different BLER for different UEs. Since the MCS is determined to achieve the target BLER, RSRQ or long-term SINR are not good measures of MCS. Consequently there is no strong correlation between RSRQ and the MCS selection.
Moreover, information about short-term channel conditions cannot be obtained by RSRP or RSRQ measurements, which are averaged over several subframes in a time window spanning several hundred milliseconds. A Markov model (attached in the Appendix for convenience) showed in the previous investigation illustrates this situation clearly [7]. For e.g. 10% target BLER, there are good time periods and bad time periods due to the variation of short-term channel conditions. For the MCS derived according to the long-term RSRQ or RSRP, even if the target BLER is achieved, the UE would still have bad experience if many bad time periods exist. On the other hand, if measurement reports can indicate short-term effects as with CQI, then the eNB could select a less aggressive MCS in order to meet the target BLER and reduce the bad time periods.
Observation: The MCS derived from long-term RSRQ may allow ensuring a long-term BLER target, but RSRQ does not provide sufficient information for reducing the occurrence of bad MBMS reception states. 

Based on the above observations, a suitable measurement for MCS determination should have the properties as follows:
1. Strong correlation to BLER or MCS.

2. Can capture the short-term channel conditions.

Compared with RSRQ or RSRP, the CQI is more suitable for long-term MCS adaptation. 
Proposal 1: CQI should be reported as a measurement for MBSFN long-term MCS adaptation.

3 Definition of MBSFN Channel Quality Indicator (MCQI)
Since PMCH is transmitted over the entire system bandwidth, the CQI should be wideband. The UE should derive the wideband CQI value based on MBSFN RS. For MCQI definition, the CQI definition for unicast CSI feedback in 36.213 can be taken as a reference with some modifications. An example is as follows:
MBSFN CQI (MCQI) 

	Definition
	MBSFN CQI (MCQI) is defined based on an unrestricted observation interval in time and frequency, the UE shall derive for each MCQI value the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following 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 MCQI reference resource, could be received with a transport block error probability not exceeding 0.1 (the target BLER is FFS), or CQI index 0 if CQI index 1 does not satisfy the condition.
The UE shall derive the channel measurements for computing MCQI based on MBSFN RS.
The MCQI reference resource for an MBSFN area is defined as follows:

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

· In the time domain, the MCQI reference resource is defined by all the OFDM symbols in the MBSFN region in a single valid downlink subframe.
A downlink subframe in a MBSFN area shall be considered to be valid if:

· the UE is configured to decode PMCH by higher layers for this MBSFN area in this subframe, and
· it does not fall within a configured measurement gap for that UE
In the MCQI reference resource, the UE shall assume the following for the purpose of deriving the MCQI index:

· The first 2 OFDM symbols are occupied by control signalling

· Extended CP length

· Assume no REs allocated for CSI-RS and zero-power CSI-RS

· Assume no REs allocated for PRS

· The ratio of PMCH EPRE to MBSFN RS EPRE within each OFDM symbol containing MBSFN RSs is 0 dB.



	Applicable for
	RRC_IDLE intra-frequency,

RRC_CONNECTED intra-frequency,


4 Discussion on possible error rate measurements
Error rate measurements are also discussed in the previous meeting. However, before define error rate of MCH, It should be clarified that whether error rate reports are necessary in MBSFN MDT. If the purpose is for MCS adaptation, then MCQI report is sufficient. One consideration for defining a BLER measurement output may be that the MCQI accuracy may need to be tested. For unicast system, the CQI accuracy is tested via BLER as defined in 36.101, in which the PDSCH BLER using the transport format indicated by the CQI is investigated. It might be possible to rely on the unicast CQI test to avoid defining an MCQI test, or to define a test-specific BLER output instead of a standardized BLER feedback. This issue should be handled by RAN4.
Proposal 2: There is no necessity to introduce the error rate measurements for MBSFN MDT in order to meet the main targets of new measurements agreed in RAN1#74bis.
5 Conclusions
In this contribution, the requirements for MBMS measurement for long-term MCS adaptation are discussed.  Based on the statistics of BLER for PMCH, the following observation was made: 

Observation: The MCS derived from long-term RSRQ may allow ensuring a long-term BLER target, but RSRQ does not provide sufficient information for reducing the occurrence of bad MBMS reception states. 
Therefore, the following are proposed:
Proposal 1: CQI should be reported as a measurement for MBSFN long-term MCS adaptation.

Proposal 2: There is no necessity to introduce the error rate measurements for MBSFN MDT in order to meet the main targets of new measurements agreed in RAN1#74bis.
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Appendix A: Markov model definitions from S4-111021
Markov model:
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Parameters for Markov channel modelling:
	Parameter
	Meaning
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	transition probability from Good state to Bad state
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	transition probability from Bad state to Good state
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	BLER in Good state
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	BLER in Bad state
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	Average Length of Bad state segment
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	Average length of Good state segment


The time in a good state Tg or time in a bad state Tb may be computed by multiplying the average length of a good (bad) segment by the sampling period. The probability of the good state and probability of a bad state may be computed as q/(p+q) and p/(p+q), respectively.
Appendix B: Markov model parameters from R1-120831
	Table 1

3km/h
	
	
	
	

	 
	BLER = 1%
	BLER = 5%
	BLER = 10%
	BLER = 20%

	 p
	0.58%
	1.80%
	2.79%
	4.61%

	q
	36.13%
	24.01%
	20.90%
	16.80%

	sg
	98.42%
	93.02%
	88.23%
	78.48%

	sb
	1.58%
	6.98%
	11.77%
	21.52%

	pg
	0.03%
	0.06%
	0.56%
	1.16%

	pb
	59.47%
	70.54%
	82.30%
	89.20%

	BLER
	0.97%
	5.02%
	9.93%
	19.92%

	Tg (ms)
	1724 
	555 
	359 
	217 

	Tb (ms)
	28 
	42 
	48 
	60 


	Table 2

120km/h
	
	
	
	

	 
	BLER = 1%
	BLER = 5%
	BLER = 10%
	BLER = 20%

	 p
	6.06%
	27.07%
	46.48%
	35.60%

	q
	94.30%
	70.95%
	50.95%
	63.29%

	sg
	93.97%
	72.39%
	52.29%
	64.00%

	sb
	6.03%
	27.61%
	47.71%
	36.00%

	pg
	0.00%
	0.00%
	0.00%
	9.72%

	pb
	17.31%
	19.54%
	22.33%
	40.40%

	BLER
	1.05%
	5.40%
	10.66%
	20.77%

	Tg (ms)
	165 
	37 
	22 
	28 

	Tb (ms)
	11 
	14 
	20 
	16 











