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1. Introduction

In this contribution, control signalling in support of single-cell MBMS transmission is discussed.  Single-cell MBMS is under control of the eNB and provides services only up to the coverage of the particular cell.  In addition, UEs can be configured to provide feedbacks on the specific MBMS service in order for the eNB to perform link adaptation and H-ARQ.
2. Downlink Control Signalling
From [1], it is seen that the MTCH and MCCH are mapped onto the PDSCH for p-t-m transmission.  Currently, the BCCH indicates the scheduling of the Primary MCCH.  However, MTCH scheduling is done by the eNB.  This means that a corresponding L1/L2 control signalling must be provisioned for in the downlink.  For dynamically scheduled transmission, a regular PDCCH can be used together with service specific RNTI.  For semi-persistent allocation, the signalling details should follow unicast semi-persistent scheduling design in RAN2.
3. Uplink Control Signalling
From [1], UEs can be configured to provide feedback for a specific MBMS service using identical methods as in unicast transmission.  The concepts are captured here as follows - 
· 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 using a group (service specific) RNTI in a time frame that is co-ordinated with the original MTCH transmission. All UEs are able to receive the retransmissions and combine them with the original transmissions at the HARQ level.

· UEs that are allocated a dedicated uplink feedback channel are in RRC_CONNECTED state.

To allow link adaptation and H-ARQ for MBMS, CQI and ACK/NACK transmission are needed.  For CQI feedback, the UEs are provisioned for CQI reporting as normally done for unicast transmission.  Since CQI feedbacks from the UEs are generally spread out in time (i.e. they do not all occur in the same uplink subframe) and also necessary for unicast transmission, the uplink overhead is not substantial.  There is no different handling of CQI reporting mechanism for UEs receiving MBMS transmission.  
For ACK/NACK, however, resource requirement can be substantial since all feedbacks occur in the same uplink subframe.  Each MBMS service is received by many UEs and multiple services may be provided in the same downlink subframe.  Thus, to allow dedicated ACK/NACK feedback may consume too much uplink resource.  Therefore, a common PUCCH ACK/NACK resource tied to a specific MBMS service (i.e. one common ACK/NACK feedback channel for each MBMS service) should be used.  In addition, only negative acknowledgments should be transmitted.  Because the goal of this feedback is to allow H-ARQ retransmission, only NACK transmission is required since successful reception by all UEs can be inferred from the absence of any NACK transmission.  With a common PUCCH resource, the missed detection rate can be reduced significantly since transmission is naturally combined at the eNB’s receiver [2].  Some energy aggregation may be performed to gauge the approximate number of responses as the eNB may employ different retransmission strategy in case of MBMS transmission (e.g. retransmission may be performed only when sufficient number of UEs failed to decode the packet).  The following recommendations are made regarding ACK/NACK feedback -    

· UEs shared a common PUCCH ACK/NACK resource (orthogonal sequence noc(ns) and cyclic shift (ns)) for each MBMS service.  The resource selection mechanism is the same as for unicast transmission - implicitly tied to the downlink control channel used or explicitly given by the eNB in case of semi-persistent allocation.
· Only NACKs are transmitted by the UEs.
· PUCCH Format 1 is used. Information is carried by the presence or absence of transmission from the UE.  

4. Conclusions
In this contribution, control signalling in support of single-cell MBMS transmission is discussed.  For the downlink, control signalling should follow the same principle as for unicast transmission. For the uplink, dedicated CQI reporting is recommended but ACK/NACK transmission should use common PUCCH ACK/NACK resource to reduce uplink overhead.  In addition, it is proposed that only NACK is transmitted using PUCCH Format 1.
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