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1. Introduction
We consider that MBMS, which can provide high-speed video, will be a very important application service in the E-UTRA, since it will clearly differentiate the E-UTRA system from the future W-CDMA and HSDPA enhancements. OFDM achieves high-quality reception of MBMS by soft-combining multiple MBMS signals from different Node Bs with inter-Node B synchronous operation, i.e., the Single Frequency Network (SFN) mode (now MBSFN). The performance of MBMS in the E-UTRA can be further enhanced by using feedback techniques such as rate adaptation and HARQ as was discussed in mainly RAN2. In this contribution, our views on feedback-based control for MBMS in the E-UTRA are presented focusing on physical layer aspects. Although we consider that the MBSFN is the main mode for MBMS in the E-UTRA to utilize fully the advantages of OFDM access, we discuss both MBMS in the single-cell mode and MBSFN.
2. Basic Views on Guarantee for MBMS Required Quality

As many companies have presented, MBMS is provided efficiently by soft-combining the simultaneously transmitted signals from multiple cell sites with inter-Node B synchronous operation. Thus, considering a typical situation such that an MBMS signal is transmitted from multiple Node Bs in the MBMS service area to multiple UEs, it is not realistic to guarantee the instantaneous quality of each UE using the feedback operation. Therefore, our views on guaranteeing the required quality for MBMS are as follows.

· Instantaneous quality due to UE-specific instantaneous channel variation is guaranteed through channel coding including application-level coding such as the Raptor code and through various diversity techniques such as transmit diversity, receiver diversity, and frequency diversity.
· Average quality based on, for example, the location of the UE is compensated for by the feedback control from the UE to the network and the Node B application of adaptive rate control and/or transmission power control.
3. Candidates for Feedback information
The candidates for feedback information that indicate the failure of the required quality are as follows.
· Higher-layer signaling: When the required quality is not satisfied, the UE transmits an indicator to the Node B indicating that the required received quality for MBMS is not achieved. The control information is carried by higher-layer signaling using the scheduled shared data channel.
· Usage of CQI or scheduling request signals: A UE can use CQI or scheduling request signals as feedback signals to inform the Node B that the required received quality for MBMS is not achieved. This is similar to using higher-layer signalling.
· Usage of NACK: In this case, the NACK based on the cyclic redundancy check (CRC) code is used as the MBMS quality indicator. To minimize the radio resource overhead for NACK transmission, a time-frequency region common to all UEs receiving the same MBMS service is used along with On-Off Keying (OOK) for NACK transmission [1]. Since the NACK signal should be cell-specific, cell-specific scrambling is multiplied to the NACK signal. The Node B estimates the number of received NACK signals based on the received signal power of the composite NACK signal. In order to reduce the uplink interference due to NACK for MBMS, the Rel-6 mechanism for counting in MBMS, i.e., using a probability factor to determine if the UE should transmit feedback, should be applied [1], [2], [3].
Although UEs in either the RRC_IDLE or RRC_CONNECTED mode are allowed to receive the desired MBMS service [4], the NACK feedback from the UE in the RRC_CONNECTED mode should be prioritized since UEs in the RRC_IDLE mode need to transmit NACK using the non-synchronized RACH.
4. Feedback Control in MBMS

4.1. MBMS in Single-cell Mode

In MBMS in the single-cell mode, UEs near the cell edge suffer from strong other-cell interference from the surrounding unicast cells. Thus, in that case, both rate adaptation [1], [2], [5] and HARQ [1], [5], [6] are particularly beneficial in mitigating the degradation. The request to change in the data rate (MCS) is informed of the Node B by the UE using higher-layer signalling or physical layer control signals such as CQI (scheduling request) or NACK signal.

4.2. MBSFN
Rate adaptation according to the service data rate with a very long control interval is applicable to the MBSFN. However, the gain of HARQ is uncertain in MBSFN. Moreover, we would like to avoid a complicated control scheme for HARQ in the SFN mode. Thus, we consider that the application of HARQ to MBMS in the SFN mode is FFS. 
5. Conclusion

In this contribution, our views on the feedback control for MBMS in the E-UTRA were presented. In summary, we recommend investigating further the following methods to achieve high-rate and wide-coverage MBMS services efficiently in the E-UTRA

· Rate adaptation for single-cell and MBSFN modes
· Cell-specific HARQ for single-cell (MBSFN modes FFS)
· The aforementioned two feedback control methods are based on higher-layer signalling, physical layer control signals such as CQI (scheduling request) or cell-specific NACK signaling for the UE receiving the same MBMS service
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