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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 discuss the conditions under which a UE is expected to take measurements, as well as the time and frequency resources used for MBMS measurements. We also discuss how network and the UE can handle measurement errors due to network congestion, RSRQ type of measurements, and filtering of MBMS measurements. An appendix is provided with a text proposal for the definitions of MRSRP, MRSSI and MRSRQ.
2 Conditions for measuring and reporting MBMS measurements
The measurement and report related to MBMS are for the guarantee and improvement of the quality of the MBMS service reception. Thus a UE is expected to take measurements in RRC_CONNECTED mode and RRC_IDLE mode, but only when the UE receives the PMCH for the MBMS the UE is interested in, which means that the UE is not expected to take measurements on a frequency where the UE is not receiving MBMS. A UE in idle mode logs the results and reports them at a later time when the UE is in connected mode. Consequently, the definitions of MRSRP, MRSSI and MRSRQ are only needed for intra-frequency cases as in the appendix, but not for inter-frequency cases.
Proposal 1: a UE in RRC_CONNECTED or RRC_IDLE mode only takes measurements on carrier frequencies where the UE is receiving PMCH for MBMS services the UE is interested in.

For the network to sufficiently well identify locations where MBMS reception quality is poor, UE measurements should be able to reflect the statistics of channel conditions across time and space. Ideally, these measurements should only reflect the channel conditions. Poor MBMS quality due to congestions in the internet backhaul should not lead to changes in MBSFN configuration. An example of such measurement could occur when the UE is configured to decode PMCH by higher layers, but PMCH is not transmitted in the MBSFN area due to network congestion. In this case, a UE not knowing that PMCH is not transmitted would be measuring noise or interference or a unicast transmission for a non-MBMS UE, leading to a wrong measurement. But normally, such congestions should be identified at the network side, so that the network would be able to discard any UE measurement that would be irrelevant because the measurements are taken at a time of network congestion. The network could prioritize delivery of MBMS traffic compared to unicast traffic, in which case MBMS traffic congestion should not occur frequently in a healthy network. Thus discarding of a small ratio of UE reports on MSMS RRM measurement will not lead to big problem for MBMS optimization. Additionally, there could also be ways in the UE to identity wrong measurements, in which case a sensible UE would discard these measurements. 
Observation 1: There seems to be no need to standardize mechanisms to identify measurement errors due to network congestion.
3 RSRQ types of measurements
Both MRSRQ=MRSRP/MRSSI and MRSRP/(MRSSI-MRSRP) measured on MBSFN-RS were discussed in RAN1 #74bis. Due to the MBSFN combining gain, RSRP and RSSI would sometimes be of the same order and would thus result in MRSRQ reports mostly around 0 dB, providing less information because of the limited quantization precision. While this may be true for UEs at the center of the MBSFN area, there could still be strong interference from cells not participating in the MBSFN transmission for UEs at the edge of the MBSFN area. In this case, reporting MRSRQ is useful for MBSFN area planning, or for muting interfering cells around the MBSFN area. It may not be necessary for a UE at the center of the MBSFN area to report the MRSRQ or MRSRP/(MRSSI-MRSRP), if that information is not useful to the network.  
An alternative to MRSRP/(MRSSI-MRSRP) discussed at RAN1#74bis is MRSRP/Iaverage, where Iaverage simply refers to the average total interference experienced on the PMCH and MBSFN-RS, for example obtained after channel estimation by reconstructing and subtracting the MBSFN RS from the received signal. While it is not required to implement channel estimation for simply taking RSRP and RSSI measurements (a simple correlation is sufficient for RSRP), a UE would anyway have to estimate the interference for PMCH demodulation. It is, however, unclear whether a UE would be able to estimate long-term average interference with a significantly better accuracy than by RSSI-RSRP, because channel estimation accuracy depends on SINR and UE speed, as well as on the channel estimation algorithm. 
Observation 2: Confirm the working assumption on MRSRQ=MRSRP/MRSSI

· If benefits can be identified in addition to saving UE complexity, consider replacing RSSI by the average of interference measurements used for PMCH demodulation.
4 Resources used for measurements
There are several factors that may allow the UE to take RRM measurements for MBMS in a shorter time compared to unicast transmission. First, MBSFN reception can enjoy the SFN combining gain which usually has stronger reception strength than unicast transmission. Second, the resource elements of MBSFN RS in a subframe are denser than that of CRS, and the UE knows the whole bandwidth over which the MBSFN RS are transmitted since the UE needs to decode system information prior to receiving MBMS. Therefore, a UE may be able to take RRM measurements for MBMS with a similar accuracy as for unicast RRM measurements but in a shorter time (i.e. shorter than 200 ms).

MBSFN-RS are only transmitted in MBSFN subframes, and only when there is PMCH transmission. For measurement of one MBSFN area, the subframes that can provide stable measurement are the MCCH and the MTCH subframes for the same MBSFN area. Specifically, MTCH subframe and MCS configurations are carried in the MCCH. The configuration cannot be changed during one MCCH modification period. In other words, MTCH configuration and other MBMS configuration (e.g., adding or removing eNBs to or from the MBSFN area) can only be changed across MCCH modification periods. Considering the possibility to shorten the measurement period and possible MBMS parameter reconfiguration across MCCH modification periods, it is highly desirable for the UE to get one physical measurement result during one MCCH modification period.
Proposal 2: The UE uses MCCH and MTCH subframes of one MBSFN area for the measurement for the MBSFN area, and one physical layer measurement result is derived during one MCCH modification period.
5 Conclusions
In this contribution, we discussed the conditions under which a UE is expected to take measurements, as well as the time and frequency resources used for MBMS measurements. The following are proposed:

Proposal 1: a UE in RRC_CONNECTED or RRC_IDLE mode only takes measurements on carrier frequencies where the UE is receiving PMCH for MBMS services the UE is interested in.

Proposal 2: The UE uses MCCH and MTCH subframes of one MBSFN area for the measurement for the MBSFN area, and one physical layer measurement result is derived during one MCCH modification period.
Based on the discussion on network congestion, the observations are as following:
Observation 1: There seems to be no need to standardize mechanisms to identify measurement errors due to network congestion.
Observation 2: Confirm the working assumption on MRSRQ=MRSRP/MRSSI

· If benefits can be identified in addition to saving UE complexity, consider replacing RSSI by the average of interference measurements used for PMCH demodulation.
An appendix is provided with a text proposal for the definitions of MRSRP, MRSSI and MRSRQ, where the changes compared to the definitions of RSRQ, RSSI and RSRQ are highlighted by yellow colour.
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Appendix 
Definitions of MRSRP, MRSSI and MRSRQ for TS36.214 are provided in this appendix, where the changes compared to the definitions of RSRQ, RSSI and RSRQ are highlighted by yellow colour.

MBSFN Reference Signal Received Power (MRSRP)
	Definition
	MBSFN Reference Signal Received Power (MRSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry MBSFN reference signals for an MBSFN area within the considered measurement frequency bandwidth. 
The reference point for the MRSRP 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 MRSRP of any of the individual diversity branches.

	Applicable for
	RRC_IDLE intra-frequency,

RRC_CONNECTED intra-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 MRSRP 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 Quality (MRSRQ)
	Definition
	MBSFN Reference Signal Received Quality (MRSRQ), is defined as the ratio N×MRSRP/(E-UTRA carrier MRSSI), where N is the number of RBs of the E-UTRA carrier MRSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks, and in subframes corresponding to the same MBSFN area.

E-UTRA Carrier MBSFN Received Signal Strength Indicator (MRSSI), comprises the linear average of the total received power (in [W]) observed over [TBD] OFDM symbols in a subframe in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving MBSFN areas, co-channel non-serving cells, adjacent channel interference, thermal noise etc. 
The reference point for the MRSRQ 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 MRSRQ of any of the individual diversity branches.

	Applicable for
	RRC_IDLE intra-frequency,

RRC_CONNECTED intra-frequency








