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1. Introduction
In MBMS, when the Single Cell Point To Multipoint transmission mode is selected, a CQI is reported by the UEs, allowing the evolved RAN to perform adaptive modulation and coding. The exact content and definition of CQI for MBMS feedback is still FFS.

In unicast, UE measurements are also reported to the access network allowing to perform adaptive modulation and coding, and MIMO operation.
In case there are only a few users or only one user in an MBMS area, Single Cell Point To Multipoint transmission mode is selected since PTP configuration is not supported for MBMS. In scenarios with a low number of MBMS interested users, the spectral efficiency should be increased by available techniques, and the spectral efficiency which is reached in the unicast case should be reached also when only one user is present.
2. Discussion

For unicast, MIMO allows to enhance transmitted data rates while reducing interference and is already available, with the usage of multiple antennas at the transmitter and at the receiver. Such multiple antennas have the potential to either increase the data rate through spatial multiplexing or enhance the quality of transmission through exploitation of diversity or beamforming. Multi-user MIMO (multiple-input multiple-output) has gained a considerable amount of interest in the recent years due to its potential for high capacity; MIMO systems can achieve significant diversity and array gain by using transmit beam-forming and receive combining techniques. 

Furthermore, beam-forming provides a practical means of supporting multiple users with signals transmitted at identical time-frequency resources; then, it seems suitable to use it in Single Cell Point To Multipoint transmission mode where a few users are simultaneously receiving the same service.
Since the eNB in the MBMS area is likely to transmit unicast services as well, MIMO will be supported by the evolved RAN in the Single Cell Point To Multipoint transmission area. It is also available in UEs which already support it for unicast.
Therefore it is proposed to include MIMO information within the CQI which is reported during Single Cell Point To Multipoint transmission.
Proposal 1: it is proposed to include MIMO information within the CQI which is reported during Single Cell Point To Multipoint transmission.

The appropriate signalling means to minimize the overhead are FFS. In order to optimize system throughput with modest overhead some techniques have been shown in RAN1. In Ref [2], a solution based on a codebook is proposed: a codebook consists of L precoding matrices; the evolved RAN receives feedbacks from the user equipments in response to the sent data, the feedbacks comprising user equipments reception quality information and/or precoding vector information, wherein the precoding vector information indicates for each of the user equipments a precoding vector for reception of the broadcast or multicast service. The evolved RAN determines an optimized precoding vector for transmitting the service to the user equipments, by analyzing the feedbacks.
Adding measurement feedback from the user equipments to the radio access network, such as the preferred precoding or the reception quality allows the network to adapt the beam-forming or MU-MIMO transmission for MBMS as well. Thus, this solution has the advantage, that point-to-multipoint transmission beam-forming and MIMO operation improves the spectral efficiency in the area where MBMS operates in Single Cell PTM transmission mode.

One solution (A) consists in sending a codebook to the user equipments, the codebook comprising a look-up table, the look-up table associating precoding vectors with indexes. This allows a usage of different kinds of feedbacks: the precoding vector information may comprise for each of the user equipments one of the indexes.

Another solution (B) would consist in providing acknowledgement signals (ACK) and/or negative acknowledgement signals (NAK) for a particular precoding vector which is currently used to provide the broadcast or multicast service data to the user equipments, instead of providing the index of a preferred precoding vector.

In a further alternative (C), the user equipments may provide a list of estimated reception quality information each associated with a respective precoding vector comprised in the codebook. Also, it is possible that the user equipments only provide the service data reception quality information for the precoding vector which is currently used for transmitting the broadcast or multicast service data to the user equipments.
CQI and the ratio of successful transmissions (number of received ACK divided by the number of received NACK) accounts for the channel quality of a particular user for a given precoding vector directly, while the index for the preferred precoding vector provides a preference of a user equipment for a particular transmission mode from the base station. 

As the CQI is assumed to be reported in the UE MBMS feedback, and since it should offer a sufficient information for the evolved RAN to determine the relevant precoding vector, option (C) could be kept the working assumption.
Proposal 2: the user equipments provide a list of estimated reception quality information each associated with a respective precoding vector comprised in the codebook.
Furthermore, the codebook used by the base station can be either a static and fixed codebook, or it can be a dynamically updated codebook that is adapted by the base station and conveyed to the UE through possibly the broadcast channel (BCH) or the multicast control channel (MCCH). 

As most of the information to control the MBMS user plane should be in MCCH, and since MCCH should be monitored by UEs which are involved in MBMS transmission, the codebook is proposed to be carried on MCCH.
Proposal 3: the codebook is proposed to be carried on MCCH.

The physical uplink channel for carrying feedback information can be either the physical uplink control channel (PUCCH) or the physical uplink shared channel (PUSCH) can be used by multiplexing the feedback information together with data. In order to allow a fast transmission of the feedback information, it is proposed to carry feedback information on PUCCH.
Proposal 4: it is proposed to carry feedback information on PUCCH.

Upon receipt of the signaling feedback, the access network may adapt the MBMS transmission, e.g. precoding vector, power setting, codebook selection, for the beam-forming or MIMO transmission.

3. Conclusion

In this contribution, we discuss the content of the CQI which is reported during Single Cell Point To Multipoint transmission, and point out that significant gains should be obtained by using available MIMO techniques for MBMS.
We propose that such usage of MIMO in Single Cell Point To Multipoint transmission would be incorporated into Ref [1] or E-MBMS stage 3 TS, and that the following principles are included in the specifications:
Proposal 1: it is proposed to include MIMO information within the CQI which is reported during Single Cell Point To Multipoint transmission.

Proposal 2: the user equipments provide a list of estimated reception quality information each associated with a respective precoding vector comprised in the codebook.

Proposal 3: the codebook is proposed to be carried on MCCH.

Proposal 4: it is proposed to carry feedback information on PUCCH.

If agreed by the meeting, we would be glad to bring the text proposal and corresponding CRs.
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