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1. Introduction

It was decided during RAN2 LTE Ad Hoc meeting and RAN2#54 that retransmissions and Adaptive Modulation and Coding would apply in E-MBMS for single cell transmission [1][2], and that signaling means would allow MCS adaptation based on block error rate and CQI. In this document, a CQI report mechanism is proposed in E-MBMS mixed cells. Proposed schemes take into account that UEs involved in E-MBMS reception may be either out of synchronization or synchronized with the radio access network.
2. UEs “out of synch.”
UEs in UEs in RRC_connected mode  and RRC_idle mode , having experienced inactivity during a certain period, are out of synch. Therefore, a random access channel should be used for the feedback mechanism to report CQI.
In RAN2#55, a Random Access Preamble on RACH has been designed in uplink with (see Ref [4]):

-
6 bits to carry a random ID, and possibly (FFS):

-

Cause or size, potentially with priority;

-

Pathloss or CQI to allocate UL resource appropriately

Thus, Path-loss or CQI reported on the RACH can be used for the E-MBMS AMC. A dedicated random access channel for channel quality feedback may be defined in E-MBMS mixed cells. Nevertheless, in most scenarios, it is more efficient to use the same RACH as for initial request, since the number of UEs involved in E-MBMS is not predictable; then in order to distinguish a Random Access Preamble to report channel quality from a Random Access Preamble to request an initial access, an appropriate cause should be used.
However, in cells where many users are simultaneously involved in MBMS, the overhead should be limited. Several schemes may be used:
· Non-combined CQI: the channel quality feedback load should be limited and configured by the radio access network, e.g. on the MCCH (or possibly on BCH) so that period or event triggering the channel quality reports are controlled by the network.
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· Example of multiplexing scheme on RACH, non combined CQI and initial access
In such a scheme, the Channel Quality report message only contains:
Cause indicating a “E-MBMS channel quality report”
· Pathloss or CQI

possibly the E-MBMS service identifier in the cell and/or a random ID
· Combined CQI: in uplink, packet resources blocks or sub-frames of packet resources blocks on RACH are allocated by the network to a specific channel quality, where the UEs shall indicate they experiment that channel quality: for instance different CQI ranges are associated to given frames (or sub-frames) of the packet resources blocks so that all UEs experiencing the same CQI shall transmit their CQI. This limits the needed packet resources blocks used for channel quality feedback to the ones which are allocated by the network. UEs transmitting the same CQI status should transmit on RACH using the same pilot, which allows the access network to decode properly the CQI status which are received simultaneously, and to save radio resources.

[image: image2]
· Example of multiplexing scheme on RACH, combined CQI and initial access
In such a scheme, the Channel Quality report message only consists of the pilot bits. If pilot bits only are used to indicate the CQI value, it results in very few bits on layer 2:one bit for each CQI value indicates whether this CQI has been reported or not. Then, one uplink frame in Packet Resource Block may be divided in several sub-frames.
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· Example of multiplexing scheme on RACH, combined and multiplexed CQI and initial access
The network may then consider the reported CQI values and additional information e.g. provided by capture mechanisms in order to perform AMC.

3. UEs “in synch.”
UEs which are in RRC_connected state (for instance if a uni-cast service is on-going in parallel with the E-MBMS session), it should be synchronised to the access network, then a non synchronised random access channel is not needed to report the channel quality.

· DCCH: a Dedicated Control Channel may be used to convey the channel quality feedback: since the UE is in RRC_connected state the channel quality feedback may be multiplexed with other signalling: for instance each UE may transmit its CQI (or path-loss) on  DCCH . In order to limit the uplink load, the network should send parameters defining the triggering events or periods for the CQI report.
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· Example of multiplexing scheme on DCCH, non combined CQI and signaling
In such a scheme, the Channel Quality report message needs to contain:

The message type on DCCH indicating a “E-MBMS channel quality report”
· Pathloss or CQI

the E-MBMS service identifier in the cell
· CCCH: a Common Control Channel may be used by all the UEs to transmit their CQI status. In order to limit the uplink load, packet resources blocks or sub-frames of packet resources blocks on UL CCCH are allocated by the network to a specific channel quality, where the UE shall indicate they experiment that channel quality. UEs transmitting the same CQI status should transmit on UL CCCH using the same pilot, which allows the access network to decode properly the CQI status and to save radio resources.
 
[image: image5]
· Example of multiplexing scheme on DCCH, combined CQI and signaling
In such a scheme, the Channel Quality report message only consists of the pilot bits. Since it may result in very few bits (e.g. one bit for each CQI value), one uplink frame in Packet Resource Block may be divided in several sub-frames.
4. Conclusion

In this contribution, signalling means are presented in order to allow UEs in the same cell to report the experimented channel quality for E-MBMS. For “out of synch” UEs, non-combined and combined possible schemes on RACH have been presented; for “in synch” UEs, DCCH and CCCH schemes have been presented also. It is proposed to decide, for each synchronisation state, which scheme should be specified and to capture them in the TR.
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