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1 Introduction
At RAN1#74bis, the group identified the three main use cases for new radio measurements:

1. identification of coverage holes

2. identification of when cells should be added to / removed from an MBSFN area

3. identification of appropriate long-term MCS

Furthermore, RAN1 concluded on the following working assumption:

· Adopt at least 2 new measurements as follows:

· MBSFN RSRP per MBSFN area

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

· FFS:

· MBMS error rate per M(T?)CH

· MBMS supportable MCS (collected MBMS CQI) per MBSFN area

· Consideration of possible measurement to identify excess delay is not precluded. 

This contribution discusses remaining details of the radio measurements for further MBMS support. The accompanying paper [1] proposes detailed measurement definitions. 
2 Discussion
2.1 New MBSFN measurements

RAN1#74bis’ working assumption still had two options for a signal quality measure, namely RSRQ and RSRP/(RSSI-RSRP). Figure 1 shows the MBSFN RSRQ range and the RSRP/(RSSI-RSRP) range over a typical SINR region. It can be seen that there is very little difference in the two measures. This comes from the fact that RSRP represents a received power per resource element (RE) while the RSSI represents a received power per OFDM symbol, hence a large difference in power levels. Even though the RSRP is scaled with the number of resource blocks (RBs) used for RSSI measurements when calculating RSRQ, the RSSI and RSRP still differ by a factor of 12 since there are 12 subcarriers per RB. Hence, subtracting N*RSRP from the RSSI in the denominator does not make much sense. Hence we propose to keep the existing definition of RSRQ instead of adopting the new measurement of RSRP/(RSSI-RSRP).
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Figure 1 MBSFN RSRQ range and RSRP/(RSSI-RSRP) range over SINR region

RSRP measures alone can address the identified use case of coverage hole detection in case the coverage hole is due to noise limitations, e.g., in heavily shadowed areas within an MBSFN area where the signal strength decreases. Combining RSRP and RSRQ allows for identifying coverage holes due to interference limitations, e.g., at MBSFN area border where the interference increases. The RSRQ range and slope in Figure 1 shows that the granularity/accuracy of RSRQ in the low SINR region is rather good.   

RSRQ measures also address the identified use case of MCS adaptation. The RSRQ range in Figure 1 shows that the granularity/accuracy of RSRQ is rather good in the low SINR region but it degrades in high SINR regions. SINRs above approx. 5 dB cannot really be distinguished any more by reasonable accuracy, due to the flat RSRQ slope in this region. Since the chosen MCS of MBSFN areas is based on the lowest MCS, hence lowest SINR of UEs interested in MBMS in that region it can be concluded that the RSRQ range is suitable for MBMS operation in typical network deployments.
Based on the above discussion we propose to confirm the working assumption of adopting RSRP and RSRQ.

MBSFN RSRP and RSRQ should be defined according to the CRS-based RSRP and RSRQ. Accordingly, in the accompanying contribution [1] we propose detailed MBSFN RSRP and MBSFN RSRQ definitions.
2.2 Further MBSFN measurements

It was discussed at RAN1#74bis that RSRQ measurements are less accurate in case of high SINR. The RSRQ range in Figure 1 confirms this as it can be seen that SINRs above approx. 5 dB cannot be distinguished any more by reasonable accuracy, due to the flat RSRQ slope in this region. Note that the resolution of CRS-based RSRQ is 0.5 dB. In order to also address high SINR scenarios, e.g., the stadium scenario, a further quality measure should be added.

MCS/CQI or SINR measures have been discussed at RAN1#74bis and they seem less appropriate since they are highly dependent on the actual (proprietary) receiver implementation; more drawbacks are listed in [2][3].  
A better choice could be a BLER measure, which does not reveal implementation details. The objective of the measurement is to measure the ratio of PHY layer transport blocks (TBs) that are erroneously decoded compared to all PHY layer TBs received. The measurement should consider all TBs containing MTCHs of a given MCH, which all use the same data MCS. Note that this includes TBs in which MTCH and MCCH or MTCH and MSI are multiplexed in a single subframe and which then uses the signaling MCS of that MCH. 

A potential BLER definition is given in the accompanying contribution [1].
2.3 Identification of excess delay
The use case of adapting the MBSFN region cannot be properly addressed by the above discussed measures. For adding or removing cells from an MBSFN area, external MBSFN area interference has to be distinguished from intra-MBSFN area interference. The latter is caused by excessive signal propagation delays in conjunction with low pathloss leading to inter-symbol interference (ISI) and inter-carrier interference (ICI).   
Identifying excess delay could be done by means of the existing Reference signal time difference (RSTD) measurements [4]: 
	Definition
	The relative timing difference between the neighbour cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where: TSubframeRxj is the time when the UE receives the start of one subframe from cell j TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j. The reference point for the observed subframe time difference shall be the antenna connector of the UE. 

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency


RSTD measurements are performed based on Positioning Reference Signals (PRS) or antenna port 6. The minimum accuracy of RSTD is between 5 and 15 Ts for intra-frequency measurements depending on the PRS bandwidth [5], which lead to minimum measurable time differences of 0.163 µs to 0.488 µs. Compared to the length of the extended cyclic prefix of 16.7 µs the accuracy to measure time differences for identifying excess delay seems very appropriate.

Proposal: For the purpose of MBSFN area adaptation, include existing RSTD measurements into the MDT reporting framework 

3 Conclusions

In this contribution we propose to confirm the working assumption of adopting MBSFN RSRP and RSRQ measurements. For further optimizing the long-term MCS adaptation especially in high SINR scenarios, we propose to adopt BLER measures, too. Since the adaptation of MBSFN areas is not covered by the above radio measures, we propose to add existing PRS-based RSTD measures to the MDT framework. 
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� The calculation of the MBSFN quality measures is based on the fact that MBSFN RSs only occur in MBSFN subframes, which are actually used for MBSFN transmissions. Those MBSFN subframes are always fully occupied by PMCH, hence the serving cell is always fully loaded when performing the measurements. 
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