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1. Introduction

There is a tradeoff between transmitted bit rates and intended coverage areas. The essential of this proposal is to estimate the necessary coverage/MCS and deploy the best fitted MCS for each Node B in one SFA.
This proposal contains three parts:

1. CQI feedback suppression.

2. Rate control mechanism for E-MBMS.

SFA based modulation adaptive and Node B based encoding rate adaptive
2. Discussion

2.1 CQI feedback suppression.

In [1], RACH and DCCH are separately used for “out of synch” and “in synch” UE CQI feedback. In [2], a “probability factor” is used to suppress NACK feedback. UE in either RRC_IDLE or RRC_CONNECTED mode is allowed to feedback its CQI for its interested MBMS service. 
In conventional CQI feedback suppression scheme, all RRC_CONNECTED mode UEs use one or more uplink synchronized channel for CQI feedback, while all RRC_IDLE mode UEs use one or more uplink non-synchronized channel for CQI feedback. After RRC_CONNECTED and RRC_IDLE UE feedback their CQI, MICH can broadcast a Current Worst CQI. Node B/MCE can select the MCS according to the Current Worst CQI. So, multi-user QoS guaranteed AMC process can be deployed in MBMS PTM mode. The following is an example of MBMS feedback mechanism and timing of MBMS associated Channel
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Fig.1. Example of MBMS feedback mechanism and timing of MBMS associated Channel.

The feedback delay of RRC_IDLE UE is larger than RRC_CONNECTED UE. In order to reduce the occurrences of RRC_IDLE UEs’ feedback, RRC_CONNECTED mode UEs should take precedence over RRC_IDLE UEs’ feedback. After RRC_CONNECTED UEs feedback their CQI, MICH broadcast a RRC_CONNECTED Current Worst CQI. This CQI is decided by the Worst CQI in all connection mode UEs’ feedback (or compare this CQI with the worst CQI of the former frame or other statistical parameters). All RRC_IDLE UE listen the RRC_CONNECTED Current Worst CQI on MICH. Only RRC_IDLE UE, which measured CQI is worse than the RRC_CONNECTED Current Worst CQI, would feedback their CQI. Then, each Node B renews its Current Worst CQI on MICH, and selects MCS for MBMS according to the renewed Current Worst CQI (or compares this CQI with the worst CQI of the former frame or other statistical parameters). 

If all RRC_IDLE UE measured CQI are better than the RRC_CONNECTED Current Worst CQI, no feedback would be sent on uplink non-synchronized channel. The following is an example of RRC_IDLE feedback saved Uplink/Downlink signal timing order.  
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Fig.2. RACH feedback saved Uplink/Downlink signal timing order.

While there is no feedback on uplink synchronized channel, Node B can select MCS for MBMS only according to the feedback of RRC_IDLE mode UE and vice versa. The following is the example of RRC_IDLE or RRC_CONNECTED only feedback scenario.
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Fig.3. RACH feedback saved Uplink/Downlink Channel timing order.

2.2 Rate control mechanism for E-MBMS.

Option one:

If UE feedback CQI which is worse than the Current Worst CQI, the data rate of MBMS would be monotonic decreasing. In order to enhance the throughput of MBMS service, rate increase mechanism should be supported by Node B. One MBMS rate control mechanism can be described as following:

Each MBMS service should have one sliding window or timer in Node B. If no CQI feedback on uplink for N frames/Scheduling periodicity, Node B attempt to increase MBMS data rate. Before Node B increases MBMS data rate, it should broadcast the renewed Worst CQI (MCS) on MICH. If UE finds the renewed CQI can not support its QoS requirement, it would feedback its required CQI on E-MBMS uplink feedback channel. Then, Node B would adjust MBMS data rate according to the UEs’ feedback. While no UE feedback its CQI, Node B could increase MBMS data rate, and keep this new data rata until UE feedback a worse CQI.
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Fig.4. Rate control mechanism of MBMS.
Option two:

If UE feedback CQI which is in a scope of the Current Worst CQI, Node B can count the number of UE whose CQI is higher than the Current Worst CQI and the number of UE whose CQI is lower than the Current Worst CQI. Then, the feedback CQI can be divided into two group. One is the feedback CQI (UE) which is higher than the Current Worst CQI, while the other is the feedback CQI (UE) which is lower than the Current Worst CQI. Here, we call them higher group and lower group separately.
If there is no UE in the lower group, Node B can increase MBMS data rate according to the worst CQI in the higher group. If there are UEs in the lower group, Node B can decrease MBMS data rate according to the worst CQI in the lower group or the ratio of these two group’s UE number.
2.3 SFA based modulation adaptive and Node B based encoding rate adaptive.
In [2], MBMS MCS is selected on the granularity of SFA/service area. In order to get macro diversity in SFA, the area of SFA would be very large. It is hard to balance all Node B’s MCS requirement in one large SFA/service area. Besides, the UE number/load of each Node in one SFA is not the same; the data rate of one SFA would be limited by the worst Node B’s coverage requirement.
In order to simplify the MCS selection process in one SFA while maintain the Diversity gains, the commonly combined Modulation and coding scheme selection can be separated into two steps: Modulation is slow adaptive on the SFA granularity, while encoding rate is adaptive for each Node B. 

In one SFA, all MCS use the same modulation method. Besides, the encoding blocks of high data rate (low encoding rate) MCS must have the same puncture map with the former encoding blocks of low data rate MCS. No matter which encoding rate is used by each Node B, downlink diversity can be gotten in each SFA. The following is an example of SFA/service area partition.
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Fig.7. SFA partition
In each SFA, all Node Bs use the same encode method. The transmission rate is adaptive by varying the redundant parity blocks. Here, we take the Turbo coder as an example. Each Node B encodes one MBMS traffic into 1/6 data rate by turbo encoder. The encoded bits are separated into 6 blocks.
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Fig.8. MCS Design

If one Node B need 1/4 rate turbo encoder to satisfy the worst feedback CQI, while another Node B need 1/6 rate turbo encoder. Then, each Node B sends the corresponding number of encoded block on its air interface.
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Cell edge user can get the diversity gains by soft combine the slots from different Node Bs in the same SFA. Conservative resource should be reserved for MBMS in each SFA, after Node B based encoding rate selection, different number of sub-frames/sub-carriers can be decided for one MBMS service in each Node B. Residual resource can be used for SCH or other Channels.
3. Conclusions

In this contribution, the solution to support Node B based feedback suppression, rate control, and SFA/Node based two steps rate adaptive are given. We propose: 

Proposal 1: RRC_IDLE or RRC_CONNECTED separated feedback suppression. Need the support of worst CQI/MCS broadcast on MICH or other service associated channels.

Proposal 2: The method of SFA based modulation adaptive and Node B based encoding rate adaptive
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