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1. Introduction
It has been agreed that E-MBS can be transmitted on a unicast and E-MBS mixed carrier or a dedicated carrier. For the mixed unicast and E-MBS carrier, E-MBS service can be time domain multiplexed (TDM) with unicast service by sub-frames. The MBS subframes are put contiguously at the end of DL sub-frames. And also, both TDM and FDM are supported for the mixed unicast and E-MBS. E-MBS service is time domain multiplexed (TDM) with unicast service at the sub-frame level, and E-MBS service is frequency domain multiplexed (FDM) with unicast service at the LRU level.[1]
IEEE 802.16m should provide E-MBS service with high efficiency. In order to maximum power saving, the E-MBS subframes may be allocated contiguously within a frame. However this may lead to poor performance for unicast services due to the lack of chances for transmission of uplink synchronous HARQ ACK/NAK feedback information, uplink power control information, uplink realtime service resource grant/allocation, mobility related measurement, etc. Therefore unicast service may be affected when E-MBS service is provided on the mixed carrier.         
In the current SDD text [1], the first IEEE 802.16m DL subframe of each frame contains one USCCH region.  USCCH regions are located 'n' IEEE 802.16m subframes apart. If a USCCH region is allocated in subframe N,

the next USCCH region is in subframe N+n of the same frame. However, it doesn’t specify the location of USCCH when unicast and E-MBS data are multiplexed TDM or FDM. In this contribution, the location of USCCH under different scenarios will be discussed.
2. USCCH transmission scheme on the mixed carrier
2.1  case 1: E-MBS data and unicast data are TDM multiplexed 
When E-MBS data and unicast data are TDM multiplexed, some subframes are allocated to E-MBS within a frame. It is beneficial to allocate contiguous subframes to E-MBS for power saving. However uplink synchronous HARQ has a certain timing relationship between transmission and feedback, and then retransmission. If the timing is violated due to the occasionally allocated E-MBS subframes, then explicit signaling for reallocating the feedback and retransmission resource must be provided. In this case, the overhead for resource reallocation incurs and the synchronous HARQ operation is violated. It will bring more complexity to both the system and terminals. On the other hand, some uplink realtime service may need resources immediately, it is better to allocate resources as soon as possible. Uplink power control information may need be transmitted in time, and the AMS may need proper unicast downlink signals for mobility measurement.etc. However these resources may be occupied by E-MBS. In order to solve these problems, the USCCH could be FDM multiplexed with E-MBS data and control information within the E-MBS subframes to provide opportunities for unicast service. 
In the E-MBS subframe, the USCCH region can include both non-user specific and user specific control information such as UL HARQ ACK/NAK feedback, UL resource grant/allocation, UL transmission mode, and UL power control information,etc.  The resource unit of USCCH is the same as that within unicast subframes in frequency domain, and may vary in the number of OFDM symbols from that in the unicast subframes based on the number of OFDM symbols in E-MBS subframes in order to adapt to long CP configuration. The USCCH control information transmitted in the E-MBS subframes adopts the same CP length as that of the E-MBS data transmitted in the same E-MBS subframes. The location of USCCH region may be decided according to the following rules as shown in fig 1 and 2.

· the first DL subframe of each frame contains one USCCH region;

· the USCCH regions are located 'n' subframes apart within the whole frame no matter whether it is a unicast subframe or an E-MBS subframe, where n can be 1 or 2. 
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Fig 1. Location of USCCH when E-MBS and unicast data are TDM multiplexed (n=1)
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Fig 2. Location of USCCH when E-MBS and unicast data are TDM multiplexed (n=2)

2.2  case 2: E-MBS data and unicast data are both TDM and FDM multiplexed 

When E-MBS data and unicast data are both TDM and FDM multiplexed, some subframes are allocated to E-MBS within a frame, and E-MBS data and unicast data are FDM multiplexed within the E-MBS subframes. In this case, part of resources within E-MBS subframes are reserved for both unicast control and data transmission, therefore there are no such problems mentioned above. The USCCH could be FDM multiplexed with unicast data, E-MBS data and control information within the E-MBS subframes. It is beneficial to allocate contiguous subframes to E-MBS for power saving.

In the E-MBS subframe, the USCCH region can include both non-user specific and user specific control information such as DL/UL resource allocation information, UL HARQ ACK/NAK feedback, DL/UL transmission mode, and UL power control information, etc. . The resource unit of USCCH is the same as that within unicast subframes in frequency domain, and may vary in the number of OFDM symbols from that in the unicast subframes based on the number of OFDM symbols in E-MBS subframes in order to adapt to long CP configuration. The USCCH control information transmitted in the E-MBS subframes adopts the same CP length as that of the E-MBS data transmitted in the same E-MBS subframes. The location of USCCH region may be decided according to the following rules as shown in fig 3 and 4.

· the first DL subframe of each frame contains one USCCH region;

· the USCCH regions are located 'n' subframes apart within unicast subframes; where n can be 1 or 2. 
· The first E-MBS subframe contains one USCCH region;

· the USCCH regions are located 'n' subframes apart within E-MBS subframes; where n can be 1 or 2. 
The reason that the first E-MBS subframe should contains one USCCH region is that the frequency partitions in E-MBS subframes are different from those in unicast subframes, therefore the USCCH should be used to indicate the resource allocation of unicast service in E-MBS subframes under the resource mapping rules of E-MBS subframes.
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Fig 4. Location of USCCH when E-MBS and unicast data are TDM and FDM multiplexed (n=1)
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Fig 5. Location of USCCH when E-MBS and unicast data are TDM and FDM multiplexed (n=2)

4. Conclusion
In this contribution, we discuss the USCCH transmission schemes under different cases. When E-MBS data and unicast data are TDM multiplexed, the USCCH could be needed to transmit in E-MBS subframes and the location of USCCH region could be the same as the rules for unicast subframes. When E-MBS data and unicast data are both TDM and FDM multiplexed, the USCCH could also be transmitted in E-MBS subframes. The location of USCCH region within unicast subframes and/or within E-MBS subframes could be the same as the rules for unicast subframes respectively.
5. References
[1] IEEE 802.16m-08/003r6, “IEEE 802.16m System Description Document” 
Text Proposal for SDD
The following text is proposed to be adopted in the IEEE 802.16m system description document.
---------------------------------------------------- Start of the Text Proposal ------------------------------------------------
[Insert the following text into this section]
14.4.1.1 Multiplexing of Unicast Data and E-MBS Data
E-MBS service can be time domain multiplexed (TDM) with unicast service by sub-frames. The MBS 
subframes are put contiguously at the end of DL sub-frames. The USCCH could be FDM multiplexed with E-MBS data and control information within the E-MBS subframes. The USCCH region includes both non-user specific and user specific control information such as UL HARQ ACK/NAK feedback, UL resource grant/allocation, UL transmission mode, and UL power control information,etc. The resource unit of USCCH is the same as that within unicast subframes in frequency domain, and may vary in the number of OFDM symbols from that in the unicast subframes based on the number of OFDM symbols in E-MBS subframes. The USCCH control information transmitted in the E-MBS subframes adopts the same CP length as that of the E-MBS data transmitted in the same E-MBS subframes. The location of USCCH region may be decided according to the following rules.

· the first DL subframe of each frame contains one USCCH region;

· the USCCH regions are located 'n' subframes apart within the whole frame no matter whether it is a unicast subframe or an E-MBS subframe, where n can be 1 or 2. Other values of 3 or 4 are FFS; 

Both TDM and FDM are supported for the mixed unicast and E-MBS. E-MBS service is time domain

multiplexed (TDM) with unicast service at the sub-frame level. E-MBS service is frequency domain

multiplexed (FDM) with unicast service at the LRU level. The USCCH could be FDM multiplexed with unicast data, E-MBS data and control information within the E-MBS subframes. The USCCH region includes both non-user specific and user specific control information such as DL/UL resource allocation information, UL HARQ ACK/NACK feedback, DL/UL transmission mode, and UL power control information, etc. . The resource unit of USCCH is the same as that within unicast subframes in frequency domain, and may vary in the number of OFDM symbols from that in the unicast subframes based on the number of OFDM symbols in E-MBS subframes. The USCCH control information transmitted in the E-MBS subframes adopts the same CP length as that of the E-MBS data transmitted in the same E-MBS subframes. The location of USCCH region may be decided according to the following rules.

· the first DL subframe of each frame contains one USCCH region;

· the USCCH regions are located 'n' subframes apart within unicast subframes; where n can be 1 or 2.
· the first E-MBS subframe contains one USCCH region;

· the USCCH regions are located 'n' subframes apart within E-MBS subframes; where n can be 1 or 2. 

-----------------------------------------------------End of the Text Proposal ---------------------------------------------------
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