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1 Introduction

There are two types of MBMS transmission, single-cell transmission and multi-cell transmission. RAN2 #58 meeting reached some conclusions about the characteristics of single-cell transmission as follows: [1]
-
MBMS is transmitted only on the coverage of a specific cell;

-
Combining of MBMS transmission from multiple cells is NOT supported;

-
MTCH and MCCH are mapped on DL-SCH for p-t-m transmission;
-
Scheduling is done by the eNB
-    Multiple UEs can be allocated dedicated uplink feedback channels identical to those used in unicast transmission, which enables them to report HARQ Ack/Nack and CQI.
In this contribution, the L1/L2 control channel for MBMS single-cell transmission will be discussed.
2 Control channels for MBMS single-cell transmission
Three types of control channels are necessary for MBMS single-cell transmission:

· Downlink control channel for dynamically scheduling of the traffic.
· Downlink control channel for persistently scheduling of the traffic.

· Uplink feedback channel for Ack/Nack and CQI transmission.

It was agreed and recorded in [1] that for single-cell MBMS transmission, multiple UEs can be allocated dedicated uplink feedback channels identical to those used in unicast transmission, which enables them to report HARQ Ack/Nack and CQI. Where such a feedback mechanism is configured, AMC is applied, and HARQ retransmissions are made on DL-SCH. 
When a smaller number of UEs, for instance, less than 8-10, are receiving the same MBMS service, the service could be dynamically scheduled, allowing UEs feedback Ack/Nack and CQI. In this case, the MCS adaptation could be applied in every (re)transmission.

When a larger number of UEs are receiving the same MBMS service, the service could be persistently scheduled. The feedback of Ack/Nack and CQI can be suppressed [2] by higher-layer signalling, when the number of UEs is sufficiently large and AMC is invalid.
2.1 Downlink control channel for dynamic scheduling
The dynamic scheduling information can be transmitted in PDCCH in the same way as for unicast transmission. According to the conclusion of RAN1 #52 meeting, a common searching space for PDCCH is defined, and each PDCCH in this space occupies 4 or 8 CCEs. It is proposed that there is at most one PDCCH for MBMS scheduling per subframe, and an RNTI is reserved for MBMS transmission.
2.2 Downlink control channel for persistent scheduling
The persistent scheduling information is proposed to be transmitted by higher layer control signalling such as MCCH, with one or two bit indicating whether the feedback of ACK/NACK and/or CQI is disabled.
2.3 Uplink feedback channel
· The resource allocation for CQI reporting can be controlled by higher-layer signalling as has been agreed.
· Regarding to persistently-scheduled MBMS services, the resources allocation for Ack/Nack reporting can also be controlled by higher-layer signalling as has been agreed.

· Regarding to dynamically-scheduled MBMS services, the resources allocation for Ack/Nack reporting could follow what has been agreed with a minor revision.

 It was agreed in RAN1 #50bis meeting that for non-persistent scheduling, the ACK/NACK index is implicitly tied to the lowest CCE index used to construct the PDCCH. The rule can not be applied directly to MBMS cases because multiple Ack/Nack resources are needed while single DL control channel is available to be linked. Since there is almost no difference of the downlink control signalling between unicast and MBMS, the design can be compatible, and the rule can be generalized in the following way: 
· The first Ack/Nack channel is linked to the lowest CCE index used to construct the PDCCH for MBMS. 

· The UE is informed by higher layer signalling its index among the UEs that are receiving the same MBMS service. Such index is the offset of the specific UE’s Ack/Nack resource from the first Ack/Nack resource.
Because the PDCCH for MBMS occupies 4 or 8 CCEs, the associated 4 or 8 Ack/Nack resources could support the feedback of 4 or 8 UEs. And there are some PDCCHs without feedback information but may be allocated to uplink Ack/Nack resources, such as PDCCHs for D-BCH and UL grant. By scheduling such PDCCHs following with the PDCCH for MBMS, more UEs with feedback could be supported. 
3 Conclusion

In the contribution, we have discussed about the three types of control channels for MBMS single-cell transmission, 
· Downlink control channel for dynamically scheduling of the traffic;
· Downlink control channel for persistent scheduling of the traffic; 
· Uplink feedback channel for Ack/Nack and CQI transmission.  
The design of the three channels is proposed to be as compatible as possible to those of unicast transmissions.
· The dynamic scheduling information of MBMS can be transmitted in PDCCH in the same way as for unicast transmission. 

· In a subframe, there is at most one control channel for dynamically scheduled MBMS. An RNTI is reserved for MBMS transmission.

· In downlink, the control channel of dynamically scheduled MBMS transmission is placed in common search space.

· The control information for persistently scheduled MBMS is carried by higher-layer signalling, with one or two bit indicating whether the feedback of ACK/NACK and/or CQI is disabled
· The resources allocation for CQI report is controlled by higher-layer signalling as has been agreed.
· Regarding to persistently scheduled MBMS services, the allocation of Ack/Nack resources is controlled by higher-layer signalling as has been agreed.
· Regarding to dynamically scheduled MBMS services, the first Ack/Nack channel is linked to the lowest CCE index used to construct the PDCCH for MBMS. The UE is informed by higher layer signalling its index among the UEs that are receiving the same MBMS service. Such index is the offset of the specific UE’s Ack/Nack resource from the first Ack/Nack resource.
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