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1. Introduction

The use of Single Frequency Network (SFN) is enabled by an OFDM system, thus providing high cell edge coverage for E-MBMS with Spectral Efficiency greater than one.  The performance of E-MBMS can be further enhanced by using feedback techniques which is introduced in this contribution.  The improvement could be substantial especially in macro-cellular and hot-spot (with limited multi-site macro-diversity) deployment.  Note that this is a resubmission of [4] with some modifications.
2. E-MBMS with feedback
In [2], a polling mechanism was introduced to determine the appropriate modulation and coding state prior to start of service.  Subsequent to this determination, however, adjustments may be needed during E-MBMS service duration due to user mobility and varying propagation conditions.  Since both UEs in either RRC_IDLE or RRC_CONNECTED states are allowed to receive E-MBMS services, it would be beneficial to provide a similar mechanism for both types of UEs to send their feedback. It is FFS whether synchronized and non-synchronized UEs can use the same feedback mechanism.
For non-synchronized UEs, feedback should be provided using non-synchronized random access rather than requiring UEs to transition to connected state.  In this case, one preamble per service is reserved for feedback.  Responses from multiple UEs are transmitted using this common preamble in a predefined random access channel. However, to limit the amount of interference generated to other random access users, UEs should elect to provide feedback based on a predefined feedback probability distribution.  In addition to providing the eNB with a service quality indication, some energy aggregation may be performed to further gauge the approximately number of responses. One limitation of this approach is that multiple preambles must be reserved when multiple services are supported.  In this case, random access performance may be impacted and additional random access regions may be required.

For synchronized UEs, a common uplink feedback channel is introduced as shown in Figure 1.  In this case, users transmit feedback using a common sequence and time frequency region reserved for this transmission in the uplink frame.  The common sequence transmitted from multiple UEs is naturally combined at the eNB’s receiver because of the inherent nature of the DFT-SOFDM uplink.   For example, E-MBMS users may transmit NACKs using a common signature and time frequency region dedicated for NACK transmission in the uplink.  Some energy aggregation and threshold comparison may be performed to also gauge the approximately number of NACK responses which may aid in link adaptation.
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Figure 1.  Uplink Structure for E-MBMS with feedback.

Multiple orthogonal sequences may be supported in the same common channel to provide more feedback possibilities.  For instance, different sequences can be used to provide feedback for different services. In addition, multiple common feedback channels may be defined in the system.  Note that the use of a common feedback channel can also be applied to MCS determination at session start or for counting as proposed in [2].  To ensure an accurate determination of the number of responses, power control should be applied to the feedback so that each is received by the Node B at approximately the same power.  In addition, to limit the amount of interference generated, UE’s may elect to provide feedback based on a predefined feedback probability distribution [2].   Subsequent to receiving feedback, appropriate service adjustments can then be made in response to the provided feedback.   For instance, based on the relative energy of Nack’s, the Node-B can do the following:
a. Adapts the E-MBMS data rate so as to optimize throughput and coverage.

b. Determines whether to re-transmit or terminate E-MBMS transmission based on the acknowledgment history.
c. MCS adaptation to support flexible coverage area.
3. Conclusion

In this contribution, the concept of E-MBMS with feedback was discussed.
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