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1 Introduction
The Work Item “Further MBMS Operations Support for E-UTRAN” [3] was approved in order to define and specify required measurements for MBSFN with the objectives of RAN1 to define the measurements and RAN2 to specify protocol aspects “utilizing the 3GPP Minimization of Drive Test functionality”.
RAN1 agreed three measurements for MBSFN, namely RSRP, RSRQ and BLER (block error ratio) measurements. The measurements shall be done per MBSFN area and per MCS. This paper discusses the issues related to the BLER measurement and what MBSFN specific issues should be taken into account. There are no MBMS related measurements specified for RRM purposes and the new measurements will be reported as part of MDT (Minimization of Drive Tests) functionality.

This paper is specifically addressing the challenges due to the configurability of the MBSFN transmission (both control and traffic) and possible dynamic characteristics of MBMS traffic.
RAN4#70bis discussed the BLER measurements but the suitable approach was undecided.
2 MBMS transmission and reception
MBSFN transmission is used to send MBMS services simultaneously from multiple synchronized cells to all UEs interested in receiving the services. The same service(s)/data is sent throughout the MBSFN area i.e. through a number of cells belonging to the MBSFN area. The MBSFN measurements shall be done per MBSFN area. The synchronized signals are assumed to be arriving to the UE within the cyclic prefix (CP) period in order not to cause inter cell interference.
Similarly to MBSFN RSRP and RSRQ measurements, MBSFN BLER are only to be conducted when the UE is decoding the PMCH (physical MBMS channel). A UE is not necessarily decoding all PMCH and therefore measurements are not required to be done in all PMCH occasions.

BLER measurement on MCCH

There is one MCCH per each MBSFN area. MCCH configuration is informed in the SIB13 including the MBSFN-AreaInfoList that indicates e.g. the radio resources where the MCCH is allocated, MCCH modification period (512 or 1024 frames), MCCH repetition (32, 64, 128 or 256 frames) and used modulation and coding scheme (MCS) for signalling. The MCCH is used to send MBSFNAreaConfiguration message. MBMSCountingRequest may also be sent on MCCH.
Configured MCCH modification period tells how often the MCCH information can be changed. During the modification period an indication is sent if the MCCH information is going to change in the subsequent MCCH modification period. The indication is a MBMS specific RNTI (M-RNTI). The RRC specification says following about the reception of the MCCH:
A UE that is receiving an MBMS service shall acquire the MCCH information from the start of each modification period. A UE that is not receiving an MBMS service, as well as UEs that are receiving an MBMS service but potentially interested to receive other services not started yet in another MBSFN area, shall verify that the stored MCCH information remains valid by attempting to find the MCCH information change notification at least notificationRepetitionCoeff times during the modification period of the applicable MCCH(s), if no MCCH information change notification is received.

This implies that UE actively receiving MBMS service is decoding MCCH data at least once per MCCH modification period. If the MCCH decoding during the first repetition period fails UE tries to decode it in the subsequent repetition periods.
Observation 1: Only when the UE is actively receiving MBMS service, MCCH decoding could be used for BLER measurement. The problem is the long periodicity [512; 1024 radio frames] for minimum MCCH monitoring requirement.

UEs that are not yet receiving the MBMS service but are intending to do so shall only monitor if there are changes in the MCCH information and only in case of change notification is indicating a change in the MCCH information, which will be decoded. Consequently, the MCCH decoding, i.e. MCH TB decoding that could be used for BLER measurements, happen only in case the information has changed. Therefore, the TB decoding rate can be infrequent and random in nature.
Observation 2: The phase when UE is intending to receive MBMS service but not yet doing so, cannot be reliably used for BLER measurement.
MCCH for a single MBSFN area is using the same MCS which is indicated in SIB13 as one if the information in the MBSFN-AreaInfoList [5]
signallingMCS

Indicates the Modulation and Coding Scheme (MCS) applicable for the subframes indicated by the field sf-AllocInfo and for each (P)MCH that is configured for this MBSFN area, for the first subframe allocated to the (P)MCH within each MCH scheduling period (which may contain the MCH scheduling information provided by MAC). Value n2  corresponds with the value 2 for parameter 
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in TS 36.213 [23, Table 7.1.7.1-1], and so on.
With this definition all MCCH blocks of a MBSFN area can be used for the same BLER measurement as the MCS is not varying.
One should note also that in addition to MCCH, also the first PMCH in the MCH scheduling period (including the MCH scheduling information) has the same “signalling MCS” as the MCCH. Therefore, the BLER measurement for MCCH could utilize also this PMCH block for the BLER measurement made from MCCH. This also means that the first PMCH in the scheduling period cannot be used for BLER measurement of the MBMS traffic i.e. for MTCH because of possible difference in MCS.

The MCH scheduling period is configured with mbsfnAreaConfiguration in the MCCH-message. The scheduling period can be [8; 16; 32; 64; 128; 256; 512; 1024 radio frames]. Depending on the configuration the scheduling period can be much shorter than the MCCH modification period which could allow more samples for BLER measurement and improved accuracy of the BLER result.
Observation 3: The first PMCH of the MTCH could be used for BLER measurement for MCCH to improve the BLER accuracy.

 BLER measurement on MTCH

As discussed above, the MCS of the MTCH can be different from the one used for MCCH. The MCS for MTCH is configured with the MCCH message which configures also the length of the MCH scheduling period.
The MAC specification [6] for the MCH reception is following:

“MCH transmission may occur in subframes configured by upper layer for MCCH or MTCH transmission. For each such subframe, upper layer indicates if signallingMCS or dataMCS applies. The transmission of an MCH occurs in a set of subframes defined by PMCH-Config. An MCH Scheduling Information MAC control element is included in the first subframe allocated to the MCH within the MCH scheduling period to indicate the position of each MTCH and unused subframes on the MCH. The UE shall assume that the first scheduled MTCH starts immediately after the MCCH or the MCH Scheduling Information MAC control element if the MCCH is not present, and the other scheduled MTCH(s) start immediately after the previous MTCH, at the earliest in the subframe where the previous MTCH stops. When the UE needs to receive MCH, the UE shall:

-
attempt to decode the TB on the MCH;

-
if a TB on the MCH has been successfully decoded:

-
demultiplex the MAC PDU and deliver the MAC SDU(s) to upper layers.”
Thus, the MCH scheduling is done per scheduling period with the MCH scheduling information (MSI) in the beginning of the each period. The MSI defines the resource allocation for all the services transmitted on this MBSFN area and to which services there is data to be transmitted. The structure of the MAC control element for MSI:
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Figure 1: MCH Scheduling Information MAC control element
- LCID: Indicates the Logical Channel ID of the MTCH

- Stop MTCH indicates the ordinal number of the subframe within the MCH scheduling period, counting only the subframes allocated to the MCH, where the corresponding MTCH stops.

According to the MAC specification, the scheduling of the MBSFN data on MCH can be dynamic and the allocation can be done per MCH scheduling period with the MSI.

Observation 4: The MAC specification allows dynamic scheduling of MBSFN data.

The service type sent with MBSFN can be streaming but other traffic types cannot be excluded. For example group communication is utilizing MBMS. The group communication is supporting primarily applications for public safety purposes where also voice services may be carried on MBMS. Therefore, the data transmission can be also intermittent.
Overall the MCH blocks for MTCH has only the first block of the MCH scheduling period that will be always sent. However, as noted above, this block cannot be used for MTCH BLER measurement due to possible difference in the configured MCS. The remaining MTCH reception is up to the MCH scheduling information (MSI) indicating if/how the MCH traffic is allocated for the service UE is intending to receive.

Observation 5: Due to potential irregularity of scheduled of MCH data there are no guarantees for adequate number of samples (received TBs for MTCH) for each BLER result.
3 MBSFN BLER measurement requirements 

The correctness of the decoded block is checked with the CRC. As discussed above, there can be (large) variance with the samples (TBs) that are received during a defined BLER measurement period. The measurement period can be fixed and related to the logging interval. However, as the arrival of data blocks may not be constant and the number of received block per time unit can vary, the accuracy of the BLER result is varying accordingly.
As an extreme case, the voice service (could be the case e.g. with group communication) could have silent periods between traffic bursts and only few samples, or even none, may fall within a single measurement period. The reliability or accuracy of the measured BLER in such case can be low.
BLER measurement period and location validity
As discussed in the previous sections, the BLER measurement for both MCCH and MTCH has issues either due to infrequent transmission of MCH blocks (MCCH) or irregularity of the data transmission. Also, the BLER measurement has to be done separately for MCCH and MTCH because of possibility to use different MCS.

In both cases the number of samples for BLER measurement can be limited and potentially varying. The logged MDT configuration defines the logging interval how often the measurement result shall be stored. The logging interval can be between 1.28s, 2.56s, … - 61.44s. With the shortest intervals the BLER measurements may be able collect only a limited amount of samples.

Large logging intervals would basically enable also longer measurement periods. However, with the largest logging intervals, if the whole time period is used for measurement, the validity of the location information may expire (depends on UE velocity, this is left to UE implementation). This is not a problem with existing MDT logging where the log entry consists of latest available measurement result and available location (and time) information. The measurement results are L3 filtered results which are done for the normal RRM/RLM purposes. Hence, the location information validity typically is not a problem as the filtering is shorter than the time where the location can still be considered valid.
With MBSFN BLER measurements, if the actual measurement period is extended to correspond to largest logging interval (up to ~60s) the location validity cannot be guaranteed. Only for the slow moving UEs would be able to provide relevant location information but for faster moving UEs the inaccuracy of the reported location can be large.

Observation 6: Extending the BLER measurement period will result in inaccurate location information of the logged result.

Observation 7: In order to guarantee valid location information to be reported, BLER measurement period should be limited to only few seconds.

BLER accuracy

The definition of the BLER measurement as agreed by RAN1 was following:

“Multicast channel block error rate (MCH BLER) estimation shall be based on evaluating the CRC of MCH transport blocks. The BLER shall be computed over the measurement period as the ratio between the number of received MCH transport blocks resulting in a CRC error and the total number of received MCH transport blocks of an MCH. The MCH BLER estimation shall only consider MCH transport blocks using the same MCS”.
The definition implies that the measurement configuration shall determine the measurement period and what shall be reported is the ratio between the erroneous blocks and total received blocks.
As discussed above, the accuracy will be dependent on the traffic pattern and frequency (inter-arrival) or received data blocks. Now, it would be desirable that if only few samples are received the reported BLER would not only indicate the measured BLER [%] but also how reliable the reported BLER can be considered. In RAN4#70bis this was discussed and there was a WF proposal to include some kind of reliability metric for each reported BLER result. No agreements were done on this, though.

There could be multiple alternative ways how the reliability of the BLER result can be indicated:
· Indicating the total number of MCH TBs received during the measurement period

· BLER is associated with a reliability metric; inaccuracy level e.g. as standard deviation or variance, or some kind of confidence metric

Proposal 1: RAN2 is asked to consider the options to include a reliability metric to the reported BLER [%]. 

The other alternative could be that the BLER is not reported for those measurement periods where the reliability is not sufficient.

4 Conclusions 
In this paper we have discussed the MBSFN BLER measurements as defined in RAN1 and elaborated the challenges when defining the requirements for the BLER accuracy for MBSFN reception. Based on the analysis we had following observations:
Observation 1: Only when the UE is actively receiving MBMS service, MCCH decoding could be used for BLER measurement. The problem is the long periodicity [512; 1024 radio frames] for minimum MCCH monitoring requirement.

Observation 2: The phase when UE is intending to receive MBMS service but not yet doing so, cannot be reliably used for BLER measurement.

Observation 3: The first PMCH of the MTCH could be used for BLER measurement for MCCH to improve the BLER accuracy.

Observation 4: The MAC specification allows dynamic scheduling of MBSFN data.

Observation 5: Due to potential irregularity of scheduled of MCH data there are no guarantees for adequate number of samples (received TBs for MTCH) for each BLER result.

Observation 6: Extending the BLER measurement period will result in inaccurate location information of the logged result.

Observation 7: In order to guarantee valid location information to be reported, BLER measurement period should be limited to only few seconds.

Based on the analysis of MCCH and MTCH transmissions leading to observations above, we have following proposal:

Proposal 1: RAN2 is asked to consider the options to include a reliability metric to the reported BLER [%]. 
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