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1.
Introduction
When feedback is used for PTM on DL SCH, UE dedicated CQI could be used, which would be similar to CQI used for unicast transmission. One drawback of such CQ reporting is uplink interference caused by CQI transmission particularly in case of long silence of MBMS session e.g. stock update, weather update or traffic update. This document proposes how to reduce unnecessary uplink CQ reporting for PTM transmissions.
2.
Channel Quality Reporting for MBMS
We could imagine that a certain MBMS service is intermittently transmitted on MTCH during a session. In that case, if there is no MBMS service in a certain long time interval, it is unnecessary that CQ reporting is frequently transmitted in uplink. Thus, in order to reduce unnecessary transmission of CQ reporting in uplink, we could synchronize CQ reporting with downlink MBMS transmissions. In our view, we can use one of options below depending on downlink transmission pattern.
Option 1: Persistent Periodical CQ Reporting
If eNB can predict a transmission pattern of a MBMS service, when establishing PTM RB with feedback for the service, eNB could allocate uplink resource for CQ reporting to MBMS UEs according to the pattern. For example, when a MBMS session for traffic update starts, eNB can allocate periodical uplink resource to a MBMS UE receiving the session in advance as shown in figure 1. 
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Figure 1. Persistent periodical CQ reporting
UE periodically transmits CQ report with the allocated uplink resource during the session regardless of MBMS data transmission. Whenever data is transmitted, eNB can use the recent CQ reporting to control data transmission on DL SCH.
However, in this option, if prediction of MBMS transmission is not correct, unnecessary CQ reporting can happen as shown in figure 1. It is because if there is no data to be transmitted, eNB won’t use the recent CQ reporting and so the CQ reporting is unnecessary.
Option 2: eNB triggered CQ reporting
If eNB cannot predict a transmission pattern of a MBMS service e.g. because the pattern is intermittent but not periodic, whenever MBMS data is to be transmitted during a session, MBMS UEs could send CQ reporting to eNB. For example, whenever eNB transmits MBMS data on MTCH or eNB trigger CQ reporting e.g. by using L1 indication on PDCCH, MAC control PDU or a RRC message, MBMS UEs can send CQ reporting once or more than once for a certain time interval as shown in figure 2. 
When eNB transmits CQ request, if the UE misses the CQ request, the UE won’t transmit CQ reporting in uplink. In this case, eNB can find out there is no CQ reporting on the allocated uplink resource. If there is no CQ reporting on the resource, eNB can transmit CQ request again to let the UEs send CQ reporting.
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Figure 2. eNB triggered CQ reporting for a time interval
When eNB sends PTM RB information to the UE or when eNB requests CQ reporting, eNB can indicate to the UE how long or how many CQ should be reported in uplink. Thus, after the indicated duration, the MBMS UEs stop CQ reporting in uplink to reduce unnecessary CQ reporting.
3.
Conclusion
In summary, channel quality reporting can be transmitted in uplink according to periodicity of downlink MBMS transmissions. In this case, it is proposed that persistent periodical channel quality reporting shown in figure 1 is configured during a session. 
On the other hand, if MBMS transmissions are intermittent and unpredictable, it is proposed that when MBMS data is to be transmitted, eNB triggers channel quality reporting from UE as shown in figure 2. The channel quality report can be once or more than once transmitted in uplink, based on request from eNB.
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Single-cell transmission

Single-cell transmission of MBMS is characterized by:

-
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. 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.
-
eNB can request CQI reporting on L1/L2 control channel to trigger UE to report CQI in uplink for a time interval. If MBMS transmission is predictable, eNB may synchronize timing of CQI reporting with timing of downlink MBMS transmissions. 
For single-cell transmission, an eNB is not required to comply with the stringent timing requirements indicated by SYNC protocol. The following principles still applies for the single transmission:

1. 
An E-MBMS GW sends/broadcasts MBMS packet with the SYNC protocol to each eNB transmitting the service.

2.
The SYNC protocol provides additional information so that the eNBs identify the transmission radio frame(s). The E-MBMS GW does not need accurate knowledge of radio resource allocation in terms of exact time division (e.g. exact start time of the radio frame transmission).  

3. 
The segmentation/concatenation is needed for MBMS packets and should be totally up to the RLC/MAC layer in eNB, without taking into account any indication in the SYNC protocol..

NOTE:
The usage of SYNC protocol for single cell localized services is for further study.  
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