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1. Introduction
In this contribution we propose a simple multiplexing method for the unicast pilot and the unicast shared control channel (SCCH) in E-MBMS. TDM multiplexing between unicast and MBMS TTIs is assumed. 

2. Unicast Pilot/Control Channel Multiplexing in E-MBMS TTIs
An E-MBMS TTI still needs to have multiplexed the unicast SCCH in order to enable subsequent downlink UE scheduling and UE uplink transmissions. To enable UE power savings and minimize uplink scheduling latency, the uplink SCCH needs to be located in the first symbols of each TTI. This is readily achievable in the case of an E-MBMS TTI since the downlink part of the unicast SCCH does not exist and downlink control information for E-MBMS transmission is substantially smaller than for unicast transmission. Moreover, due to the staggered unicast pilot nature, the unicast pilot overhead associated with the uplink SCCH in an E-MBMS TTI is relatively small and can be the same as the first pilot signal for unicast TTIs [1].  

Unicast pilots in an E-MBMS TTI are also needed for CQI reporting for downlink unicast scheduling at the end of the E-MBMS transmission. Regardless of the size of the SCCH associated with uplink transmissions, the unicast pilots of the first E-MBMS TTI can be selected to occupy the entire frequency band. Moreover, the unicast pilots of the last E-MBMS TTI need to also occupy the entire frequency band in order to enable CQI reporting for unicast downlink scheduling. Unicast pilots for intermediate multicast TTIs can be chosen to cover only the frequency band of the uplink SCCH. This is illustrated in Figure 1 for the exemplary case of TDM unicast and multicast TTIs. 

[image: image2.bmp]
Figure 1: Pilot and Control Channel Multiplexing in Multicast TTIs.

In the exemplary setup of Figure 1, three multicast TTIs are TDM with unicast TTIs. For the multicast TTIs, the unicast uplink shared control and pilot channels are TDM in the first OFDM symbol. For the first and last multicast TTIs, the pilot in the first OFDM symbol occupies the entire frequency band, similarly to unicast TTIs, to enable its use for unicast channel estimation and, for the last multicast TTI, CQI reporting. Multicast data may also be multiplexed in the first OFDM symbol of all multicast TTIs, depending on sub-carrier availability. Clearly, the overhead of this approach, if any, is constrained only on the unicast pilot symbols in the first multicast TTI that are outside the sub-band occupied by the unicast uplink SCCH (there is no overhead if CQI reporting by some UEs is arranged). In case of only one multicast TTI or if the uplink unicast SCCH occupies the entire frequency band because of its load or for frequency diversity gains, there is no overhead.
The implication of the above unicast pilot multiplexing in multicast TTIs concerning the performance of the unicast shared data channel is that channel estimation performance is effectively the same as if there was no multicast transmission. 

3. Summary and Conclusions
We have described a multiplexing method for the unicast shared control and pilot channels in E-MBMS TTIs. This multiplexing method enables uplink UE scheduling, CQI measurements for subsequent downlink unicast scheduling, and improved channel estimation for the unicast TTI prior to the E-MBMS TTI. 
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