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Introduction

In this document we discuss the concept of statistical reporting for MBMS.  UTRAN could select a statistical sample of UEs that are receiving a PtM transmission in a given cell or group of cells and instruct these UEs to send measurement reports that describe the quality of the MTCH reception.  UTRAN could use such quality measurement reports to optimize the transmission parameters of the S-CCPCH/MTCH in the cell.
Discussion

A broadcast system has to configure its transmission parameters in order to optimize the Quality of Service (QoS) perceived by each receiver. In a CDMA system the optimal settings can vary in time due to the changes in the interference. The network can use open loop schemes to determine the best settings, e.g. it could decide the optimal Tx power on a PtM radio link based on the power of similar rate PtP radio link in the same cell. This cannot produce good results at all times, especially if the transmission scheme utilized for PtP and PtM are different. For example, if soft handover is used in PtP, but it is not used in PtM, it will be quite challenging to estimate the correct power to allocate to the PtM link in each case.

Closed loop scheme are typically more accurate at guaranteeing the required QoS.  Theoretically, UTRAN could use feedback provided by all the terminals that are receiving the MBMS transmission in order to optimize the settings of the PtM channel.  If the majority of the UEs receive a bad signal quality, UTRAN could increase the power or change other parameters, such as the amount of redundancy, the spreading factor, the rate matching attributes, the bit rate, the Layer 2 parameters, etc.  These parameters could be modified until the required QoS is achieved.  As the interference condition varies, the value of the parameters can be adapted to allow for the most efficient transmission configuration of the PtM radio link.

If all the terminals provide feedback to the network, the amount of uplink capacity utilized may be prohibitive, as the number of terminals receiving the broadcast transmission in the same cells increases.  It has to be assumed that the number of users receiving the PtM transmission will be relatively high. In fact, only if a high number of terminals are listening to the same MBMS transmission the network would use a PtM channel, instead of a PtP channel.  

Rather than receiving feedback from all the terminals, the network could select a statistical sample of terminals in each cell and instruct them to report feedback information.  

The following sections will discuss the selection of such a sample and how it could be possible to realize such mechanism for MBMS.
Selection of the statistical sample

The number of terminals that report feedback information has to be large enough to have statistical significance, but it should not be too large in order not to affect the UL capacity too much.  There is no need to standardize the algorithm that the operator will use to determine the number of reporting terminals in each cell or in each group of cells.

Changes to the measurement procedures
In a WCDMA system the network the reporting terminals could be kept in RRC connected state.  This is already the working assumption in order to allow the counting and recounting of the terminals in each cell.  More in general we can assume that if the reported feedback is sporadic, a common transport channel (RACH) could be used.  If the feedback is continuous in nature, a dedicated transport channel could be assigned by the network.

The existing quality measurements defined in the WCDMA standard are only applicable to dedicated transport channels, which could be used for PtP transmission of MBMS content.  In order to allow for the statistical reporting, which is mainly applicable to PtM transmission, the currently defined quality measurements would have to be extended to the common transport channels. Therefore, a standard change would be needed to introduce quality measurements on the MTCH.  However, there would be no need to specify how the RNC selects the UEs that have to send the quality reports, nor the RRC state of the UEs involved in the measurements.
A new measurement similar to 5a could be defined for the MTCH. In addition to the existing event type for quality measurements (a predefined number of bad CRCs is exceeded), we could introduce new kinds of events, such as: "the UE enters CELL_DCH".  In this case the measurement would be reported only if the UE enters CELL_DCH and all the accumulated quality measurements could be transmitted in CELL_DCH.  If the UE does not enter CELL_DCH but enters idle mode, all the accumulated quality measurements would be deleted. Moreover, a periodic quality reporting could also be considered, so that the frequency of the measurement report messages can be selected by UTRAN.  As for the existing measurements, there would be no quality measurements when the UE is in idle mode, therefore, UTRAN would have to keep the UEs involved in these quality measurements in connected mode.  In order to force the UE to enter connected mode, the same counting mechanism that is already defined to determine if enough UEs are interested to the PtM transmission could be used.  When enough UEs are in RRC connected mode, i.e. when the sample of UEs is statistically significant, UTRAN would reset the counting flag for a particular MBMS service.
The UE may be required to report the identifier of the cell from which the MTCH is sent, and, in case selection combining is used, the UE may be required to list the identifiers of all cells from which the MTCH combining is performed during a specific measurement period.
Algorithm used to adjust the MBMS transmission parameters
The RNC would collect all the quality measurement reports and act on them so that the target QoS is met.  In the absence of these reports the RNC would have to dimension the resources dedicated to the MTCH assuming the worst case.  UTRAN could modify some transmission parameters of the S-CCPCH/MTCH in near real time (e.g. the power allocated to the S-CCPCH), or it could change some parameters at the beginning of the next MBMS session (e.g. amount of redundancy, the spreading factor, the rate matching attributes, the bit rate, the Layer 2 parameters, etc).

How these reports are taken into account and what specific actions are performed by UTRAN is outside the scope of the standard.
Conclusion

In this document it is proposed to extend the concept of quality measurement reporting to the MTCH.  A new measurement similar to the event 5a (or a periodic quality reporting) could be defined for the MTCH.  UTRAN could use such reports to fine tune the transmission parameters of the S-CCPCH/MTCH that are used to transmit the MBMS content.
The mechanism proposed is not present in R'99/Rel-5 since the configurations of the common transport channels used in these WCDMA releases are relatively straightforward (peak rate is constant, no intermediate bit rates are typically used, no selection combining is used).  In the case of the MTCH, the peak rate can potentially change at any session start, and within the session the bit rate can be highly variable.  In addition to the bit rate variability, the selection combining mechanism adds further uncertainty, due to the different UE capabilities, i.e. some UEs can combine 2 radio links, others can combine 3 radio links, etc. and UTRAN cannot know how many UEs of each class are receiving the MTCH.
We believe that the best way to address all the difficulties in the optimization of the MTCH transmission is to use a closed loop scheme that relies on the feedback from the UEs.  Since it would not be possible to collect the feedback from all the UEs receiving the MTCH, we propose to let UTRAN select how many UEs should report the proposed MTCH quality measurements.  Such selection would be based on statistical considerations in UTRAN.
If this concept is acceptable for the MTCH, it could be extended to other common transport channels, such as the R'99 FACH, BCH, PCH, etc., so that the same mechanism could be exploited to fine tune the resources allocated to these common transport channels.  In these cases the benefit would probably be smaller than in the case of the MTCH.
