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Multiplexing of MBS and unicast in 16m
Dong LI, Hongwei YANG, Liyu Cai
Alcatel Shanghai Bell Co., Ltd.
1 Introduction
There are a number of possible types of spectral allocation that may be available to an operator that wishes to deploy 802.16m. Some basic types of the spectrum allocations to the operators are given below:

· Paired-only spectrum (UL is assigned at one frequency and DL is assigned at a different frequency). The 802.16m system with FDD can be deployed in this case.
· Unpaired-only spectrum (one contiguous set of carrier frequencies is assigned to an operator and both UL and DL are supported within this contiguous set of frequencies). The 802.16m system with TDD can be deployed in this case.
· Paired spectrum with additional unpaired spectrum. In this case, the operator can deploy 802.16m FDD system on paired spectrum and 802.16m TDD system on the unpaired spectrum. Alternatively, the operator can also deploy some dedicated applications, such as E-MBS traffic delivery on the unpaired spectrum.
If the operator wants to provide broadcast/multicast service, the dedicated carrier deployment can be used in the third case above on the unpaired spectrum while the mixed unicast-MBS transmission will have to be applied in the first and second cases. So, the mixed unicast-MBS transmission is an important and attractive deployment scenario in the viewpoint of operators [1]. 
In the mixed unicast-MBS carrier deployment, FDM and/or TDM can be applied to multiplexing the unicast and MBS traffic. This contribution focuses on the comparison of these two multiplexing methods.
2 Multiplexing schemes for unicast and MBS

In this section, the multiplexing methods of MBMS and unicast are discussed. In this contribution, MBS refers to a multi-cell MBS which supports single frequency network (SFN) operation.
Basically, there are tow options for multiplexing MBS and unicast, that is, inter-subframe TDM and intra-subframe FDM of unicast and MBS, which are shown in Figure 1and Figure 2, respectively. In these figures, two MBS services are assumed. These two figures focus on the DL transmission only and applicable to both TDD and FDD systems.
In the TDM option, subframe is an appropriate multiplexing level in that larger granularity such as 5ms frame will result in too large transmission delay for unicast including its associated fast feedback while smaller granularity such as one OFDM symbol will make it inconvenient to design multi-CP structure. The advantages and disadvantages of the inter-subframe TDM approach are as follows

Advantages:

· Efficient use of various CP lengths. In the TDM option, the subframes carrying the multi-cell MBS traffic can use long CP configuration to support SFN transmission, while the subframes carrying the unicast traffic can use normal or short CP to improve the transmission spectral efficiency (note the definition of short CP in current 16m SDD doesn’t support the inter-subframe TDM multiplexing).
· MSs can go into sleep mode during the sub-frames for the other type of traffic irrelevant to them. In this way, the power consumption can be reduced to some extent.
· Simple signalling of resource allocation for the MBS traffic.
Disadvantages:

· Some DL unicast data and unicast control (such as DL ACK for UL data) may not be transmitted timely.

· For MS with narrower bandwidth capability, some frequency resource will be wasted (if MBS transmitted with this narrower bandwidth), or the MBS cannot be received successfully (if MBS transmitted with wider bandwidth).

In the intra-subframe FDM option, multiplexing can be made at the subchannel level. The advantages and disadvantages of the intra-subframe FDM approach are as follows
Advantages:

· BS power can be shared between MBS and unicast traffic. The remaining power except that used for interference-limited unicast transmission can be used for MBS traffic, which is noise limited. 
· Can support narrower bandwidth MBS transmission while the left frequency resource can be used for unicast. 
Disadvantages:

· Since unicast and MBS are multiplexed only in frequency, long CP will have to be used, which is inefficient for the unicast transmission (e.g., short CP with several us may be ok for unicast while long CP up to about 20us will be needed for multi-cell MBS).
· The signalling of resource allocation for MBS is high due to the large number of subchannels available for MBS.
Overall, TDM and FDM have respective advantages and disadvantages, but the simplicity of TDM approach is particularly attractive in the system implementation point of view. Hence, the inter-subframe time multiplexing of unicast and MBS is recommended. A long CP frame structure design for the inter-subframe time multiplexing is provided in a companying contribution [2]. 
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Figure 1 Time multiplexing of unicast and MBS
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Figure 2 Frequency multiplexing of unicast and MBS
3. Proposed SDD text

------------------------------------------- Start of Proposed SDD Text --------------------------------------------------------

Section 15 Support for Enhanced Multicast Broadcast Service
Both the dedicated carrier deployment and the mixed unicast/E-MBS carrier deployment shall be supported to flexibly adapt to the spectrum allocations. Multi-cell E-MBS with single frequency network (SFN) operation is supported to achieve the performance target. The long channel delay spread in SFN transmission necessitates the long CP configurations in E-MBS transmissions.
For the mixed unicast-MBS carrier deployment, unicast transmission can be time multiplexed with multi-cell MBS at the subframe level, where long CP is used for the MBS subframes. 
------------------------------------------- End of Proposed SDD Text --------------------------------------------------------
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