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1 Introduction
The enhancement of the performance of MBSFN is one of the targets of LTE-advanced [1]. According to the NGMN checkpoint [2]  the MBSFN performance for Release 8 is 1bps/Hz for the case 3 environment.  We believe that it is possible to increase the spectral efficiencies of LTE-A up to 2 bps/Hz in certain scenarios without significantly increasing the complexity. This contribution describes several areas in which MBSFN performance can be improved.  The enhancements can be categorized by
· Spatial Multiplexing of MBSFN data
· Code Rate Adaptation within a MBSFN zone
· Hierarchical Modulation

· CQI Feedback for accurate MCS adaptation

· PMI feedback for cell edge user enhancement

· Increased use of 7.5 kHz subcarrier spacing to reduce overhead

· Improved single Cell MBMS transmission

2 Spatial Multiplexing of MBSFN data

Spatial multiplexing (SM) is a MIMO transmission mode for unicast transmission already present in the LTE standard.  It can significantly improve throughput at high SNRs.  For small cells, the SNR of MBSFN data can be 30 dB or higher (ignoring EVM etc) even for cell edge users. On the other hand, due to the co-transmissions from multiple eNBs a rich scattering channel can be seen by the vast majority of UEs.  Thus, it is logical that SM be applied to MBSFN data.  The simulation results from the [3]

 REF _Ref209493412 \n \h 
[4] show

· Case 1: Without SM  = 3.02 bps/Hz

· Case 1: With SM       = 3.44 bps/Hz

· Case 2: Without SM  = 3.02 bps/Hz

· Case 2: With SM       = 4.32 bps/Hz 

The application of SM over MBSFN can improve cell edge performance by up to 43%.  For this reason, we believe that SM for MBSFN should be seriously considered for application to MBSFN data in LTE-A. 

Expected Gains: 43%

3 Rate Adaptation
MBSFN networks can cover very large geographic areas, in which the channel quality can vary significantly from one cell to the next.  Traditionally the entire MBSFN zone must have the same MCS, which means that the entire network must be transmitting at the code rate supported by the weakest cell.  A method to adapt the code rate to the cell channel quality is needed which does not break the single frequency network properties.  

One method to do this is to design the channel interleaver/coding block to have higher code rates as schedulable subsets of lower code rates, the code rate can be changed from one cell to the next without breaking the single frequency network properties.  This is best described by the following simple example.
Consider Cell A with an ISD of 500 m, which can support 64QAM rate 2/3 data transmission.  The cell next to it, Cell B, has an ISD of 1 km, and can only support 64QAM rate 1/3 data transmission.  This is illustrated in Figure 1 below.  


[image: image1]
Figure 1 Example Cell Layout

What we want is for the signals from the two cell types to be as identical as possible so that the cells can get some MBSFN gain for the portions of the signal which overlaps.  If we can schedule the high rate portion in such a way that it occupies the same resource blocks in both cells then the SFN property is maintained for this portion of transmission.  One method to do this is illustrated in Figure 2 below.

[image: image2]
Figure 2 Illustration of rate adaptation in MBSFN networks.

This allows for the reuse of the spectrum in cell A which would be otherwise wasted.  In the above example assuming equal numbers of Cell A’s and Cell B’s this represents a total savings of 33%.  If Cell A supported 64 QAM rate 4/5 the gains would be 41%.  
Potential Gains: up to 41%

4 Hierarchical Modulation

The vast majority of UE’s receiving MBSFN data will have significantly better channel quality than the ‘cell edge’ users limiting the MCS choice for data transmission.  One method employed in DVB-H for this situation is Hierarchical modulation.   
Hierarchical Coding is a method of providing multiple levels of data on the same symbol.  This allows multiple users which receive the same signal but with different SNR levels to decode more information if they have a good channel or less if they have a bad channel.  Another way of looking at it is this allows the users with very high SNR to receive a benefit, while the low SNR users are only mildly penalized.  


[image: image3] 
Figure 3 Hierarchical coding Block

In this way the transmitted symbol is 

S = 2*QPSK1 +K*QPSK2
By varying K the amount of power devoted to the second level of Data can be modified.  For K=0, a pure QPSK symbol is transmitted with no information is sent, while if K=1, the transmit constellation is 16 QAM.  The larger the K the greater the penalty to the lower modulation level, but the easier it is to decode the higher level.  

By implementing Hierarchical modulation, most users can receive more data, with only limited impact to the ‘cell edge’ users.  In this way greater flexibility is given to the operator to balance how many users get how much data.  This additional information could represent additional new data (more channels) or improved quality on present channels (higher resolution), or even completely unrelated unicast/broadcast data.  
Below is a CDF of the users Goodput in the Case 3 enviornment, with the bottom layer begin 16 QAM, rate 1/3, and the top layer been QPSK with different rates.  For simulation we assumed a normal 64 QAM constellation was transmitted.  Note that the only overhead considered was CP(20%), RS (13%), BW  utilization (10%).
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We can see that for a small sacrifice in cell edge performance (in this case 2% more users have BLER >0.01) significantly more throughput can be sent to a large percentage of users.  The total throughput to all users was increased by over 50 % using QPSK rate ½ as the top layer.  
Potential Gains: up to 50% in total throughput
5 CQI Feedback for accurate MCS adaptation
Usually the MCS of MBSFN is determined by network planning and will not change with time.  To further enhance the spectrum efficiency of MBSFN we can take advantage of the feedback channel provided by UL transmission [5].  By having the UE feedback accurate CQI measurements the eNodeB can, along with its neighbors, adapt the MCS to minimize the amount of resources required for transmission of MBMS data.  This adaptation can be over several different time frames either 
· fast based on instantaneous fading, 
· medium based on UE shadow fading, or 
· long term based on UE distributions with a cell.  
To reduce overhead the CQI could be fed back by only a subset of the users (i.e. cell edge), with very large periods or transmitted using over the air combining[5].  

Expected Gains:  Better MCS adaptation (either improved throughput or better user experience)






  Network becomes self optimizing, lower set up costs.

6 PMI feedback for cell edge user enhancement

The amount of information that can be transmitted in an MBSFN system is limited by the user with the lowest MCS.  Any improvement to that users channel increases the amount of data received by everyone else.  By allowing PMI feedback, based on the common (non MBSFN) RS, the eNodeB can improve the signal strength received by the cell edge UE, and hence the overall MBSFN performance. 
Effectively this means performing precoding towards the worst user in every cell.  In some cells there will be several cell edge users which cannot be precoded towards simultaneously, and therefore no gain can be achieved.  However in many cells gains can be achieved thus the average performance of cell edge UE’s will be improved.  This performance improvement will depend on the number of users within the network.

7 Increased use of 7.5 kHz subcarrier spacing

The overhead of supporting a long CP with the standard 15 kHz spacing is 20%.  By extending the 7.5 kHz subcarrier spacing to the short CP the overhead can be reduced to less than 7%.  This extended short CP is adequate for ISD less than 2 km.   As UE’s must already support different FFT sizes for different BWs, the complexity increase is minor especially considering the 13% improvement in performance.  
Expected Gains: 13% improvement for cell sizes <2 km
8 Optimize Single Cell and Regional MBMS 

MBMS data will not always be transmitted in MBSFN mode.  It could easily occur that several UE within the same cell will desire the same information.  Several techniques are available to help this situation, such as Network coding for HARQ transmission [6], multi user precoding in which more information than just the ‘best’ PMI is needed, or collaborative MIMO for groups of users. 
Many MBMS services are regional which means that the corresponding data transmission is only provided by a group of neighboring eNBs. Sometimes the same eNB may need to support different regional broadcasting services covering different areas. Hand over is required when UE moves from one MBMS region to another MBMS region. How to optimize the resource usage and how to support the MBMS hand over should be also studied in LTE-advanced.
9 Conclusions

Significant improvements are possible for MBSFN transmission with only moderate increases in complexity.  These improvements can 

· increase performance,

· reduce overhead and 

· make MBSFN deployments simpler, cheaper and easier.  

This makes MBSFN networks in LTE-A a more competitive choice vs. other technologies for terrestrial transmission such as DVB-H.
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Additional Parity Bits for SFN gain in Cell A
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