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1 Introduction
In LTE, using MIMO techniques is seen as one of promising schemes to further improve the quality of E-MBMS service. Under SFN deployment for E-MBMS, UE will enjoy high SNR due to the useful delayed signals received from multiple cells. However, as the E-MBMS environment is becoming more uncorrelated, transmit diversity gain will quickly reach the upper bound. Spatial-multiplexing is considered to be an attractive scheme to exploit the MIMO benefits for E-MBMS. Several companies have present their contributions on this [1] [2] [3] [4], and the results show that the greater data rate has been achieved comparing with that of transmit diversity. 

To meet the target of LTE-advanced, further enhancement on MBMS is needed. In this contribution we focus on the design MIMO scheme for LTE-A MBMS, and we present one solution (Hierarchical MIMO) to incorporate transmit diversity and spatial-multiplexing into one MBMS service. Thus operators can deploy MBMS with MIMO techniques under different network situation.
2 Hierarchical MIMO scheme for MBMS 
MBMS performance is always determined by the cell edge users. It is the key reason to trigger using well-known SFN deployment for MBMS. As the result, the cell edge users achieve the most diversity gain and outrage requirement can be meet. However, this can not guarantee that any other form of diversity is never needed. For some instances, for example, low SFN density, or/and one receiver UE with high data-rate MBMS, or/and some UEs located inside cell which can not receive enough signals from other neighbor SFN cells, using MIMO diversity scheme(SFBC or CDD) to obtain the additional diversity gain is desirable.

On the other hand, some MBMS (like Mobile-TV) need high data-rate and large duty cycle for battery consumption. For those high-end UEs with rich SFN deployment, spatial-multiplexing is an absolutely attractive scheme. The only shortage is that it will limit MBMS receiving according to the UE capability. 
Performance and data-rate, just like head and tail, these contradictive twins exist in all transmission system. How to trade off between the MIMO diversity scheme and spatial-multiplexing scheme is the linchpin to implement MIMO for MBMS.
Hierarchical MIMO scheme can provide multiple levels of data transmission, and 95% users in SFN can decode the based level data successfully, but only the users who have good channel can receive the data of enhanced levels. So comparing to current MBMS transmission scheme, more users in the SFN can receive more data with hierarchical MIMO transmission.

2.1 Hierarchizing for MBMS service

One MBMS service can be divided into two parts, based codeword and enhanced codeword. For example, in TR 25.913, “In Broadcast mode E-UTRA MBMS should……support at least [16] Mobile TV channels at around [300 kbps] per channel”, 300kbps Mobile TV is about 30 frames/s, and for example one TV channel can be divided into two 15 frames/s parts; in addition, high level decomposition up to source coding is also a wise solution. How to decompose one MBMS service is an implementation issue fully depended on the requirements of operators. 
2.2 Candidate Hierarchical MIMO schemes
· Scheme I: Incorporating diversity and spatial-multiplexing into one MBMS
After decomposition, based codeword is transmitted by transmit diversity scheme, and enhanced codeword is transmitted by spatial-multiplexing scheme. In order to be transparent to the multiple transmitting antennas at Node B, based and enhanced codeword can be precoded in terms of respective MIMO schemes before transmission. Then, the precoded based and enhanced codeword are serially mapping on the transmitting antennas in different DL subframes. The relevant information such as decomposition information, mapping and precoding modes can be indicated on the control channel (MCCH) of MBMS. Last, at the receiving side, UE can receive based MBMS or both based and enhanced MBMS according to its capability. 
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Figure 1 Procedure for Hierarchical MIMO Scheme I
Since the received SNR of based codeword is higher than that of enhanced codeword, MBMS coverage can be improved with guaranteeing the QoS of based MBMS service. From the simulation results [4], it can be obviously inferred that the data rate of Hierarchical MIMO Scheme I is between that of transmit diversity and spatial-multiplexing scheme. However, Hierarchical MIMO scheme for MBMS can be used for different SFN networks with all kinds of UE capabilities, while spatial-multiplexing scheme is only used by high-end UEs with rich SFN. Furthermore, by adjusting the size of based and enhanced codeword and potentially using different MCS for two codewords, the data rate of Hierarchical MIMO will somewhat close to that of spatial-multiplexing scheme. Due to absence of feedback information, semi-static fashion for size adjustment and MCS is preferred.
· Scheme II: Hierarchical spatial-multiplexing
Different from scheme I, based and enhanced codeword will be transmitted in the same DL subframe by spatial-multiplexing in scheme II, which based and enhanced codeword should be precoded together, but mapped to the different spatial channels. During the percoding, based codeword can be fixedly mapped to one spatial channel (for example, always assuming the based codeword as codeword 1), and also can be dynamically mapped to the best spatial channel which corresponds to the largest rank of spatial channel matrix to get a more reliable performance of based codeword, so the most users in SFN can decode the based data successfully. Moreover by increasing the power assigned to based codeword, the reliability of based codeword can be further improved. The relevant information such as decomposition information, percoding matrix and power assignation can be indicated on the control channel (MCCH) of MBMS. And at the receiving side, UE can decode based MBMS or both based and enhanced MBMS according to its capability and received SNR.


Figure 2 Procedure for Hierarchical MIMO Scheme II
According the simulation results [7][8], it can be found that using 2×2 SM over MBSFN can improve date rate by up to 43%. 
3 Summary and Conclusions
In this contribution, different candidate MIMO techniques for MBMS have been analyzed. It has been reached commonality that spatial-multiplexing is the most competitive MIMO scheme especially in a rich SFN network. Two new Hierarchical MIMO schemes are presented which allow operators to exploit spatial-multiplexing benefits for one MBMS service:

· Scheme I: Incorporating diversity and spatial-multiplexing into one MBMS
· Scheme II: Hierarchical spatial-multiplexing
One implicit advantage of Hierarchical MIMO scheme is that duty cycle can be further reduced, since the improvement of data rate. So battery consumption which is the key issue for future Advanced MBMS service (especially for Mobile-TV application) can be reduced. Furthermore, for scheme I, those low-end UEs usually with low battery consumption can only receive based codeword transmission and sleep during enhanced codeword transmission; even for high-end UEs, they have the choice to decide only receiving based MBMS in case of low battery situation. For scheme II, UE can choose whether to decode the enhanced codeword, according to its capability and received SNR. As a result, operators have a large flexibility to deploy different MBMS.
Furthermore, if retransmission can be used for MBMS as [11] with hierarchical MIMO scheme, according to the requirements of operators, retransmission can be only used for based or enhanced codeword. For example, only retransmitting based codeword to guarantee the coverage of based MBMS service; or only retransmitting enhanced codeword to improve the data rate for cell centre users. The Node B can flexibly adjust the retransmission principle to satisfy the different QoSs of MBMS.
Considering the throughput gain of spatial-multiplexing, we propose that Hierarchical MIMO should be included as one of potential MIMO candidates for LTE-Advanced MBMS. 
4 Reference

[1] R1-060339, “MIMO for E-MBMS”, Samsung
[2] R1-061546, “MBMS Discussions Summary”, Qualcomm Europe
[3] R1-060859, “Further Study on Multi-antenna Schemes for E-MBMS”, Texas Instruments
[4] R1-060429, “Impact of TX diversity on MIMO E-MBMS”, Texas Instruments
[5] 3GPP TR 36.913, “Requirements for further advancements for E-UTRA (LTE-Advanced)”.
[6] R1-061400, “Multi-antenna schemes for E-MBMS with Text Proposal”, Huawei 
[7] R1-071954, “MBSFN performance evaluation for E-UTRA”, Nortel

[8] R1-071972, “E-UTRA Performance Verification :MBSFN”, Samsung

[9] R1-062298, “Hierarchical MIMO scheme for E-MBMS”, CATT,

[10] R1-084463, “Design Considerations On Advanced MBSFN for LTE-A”, Nortel

[11] R1-084132, “Optional retransmission schemes for LTE-A MBMS”, Alcatel Shanghai Bell, Alcatel-Lucent
[12] R1-084129, “Discussion on LTE-A MBMS”, Alcatel Shanghai Bell, Alcatel-Lucent
MBMS data stream





Decompositor





  S. to P.





  Based CW





  Enh. CW





Precoding





  TX div.





  SM





  Based 





  Enh. 





  P. to S.





  TX. Antennas





Subframe 2





Subframe 1





MBMS data stream





Decompositor





  S. to P.





  Based CW





  Enh. CW





Precoding

















  TX. Antennas















































SM








