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1 
Introduction

Several contributions in the previous RAN1 meetings have provided several possible multiplexing methods between MBMS and unicast transmission ([1]

 REF _Ref119732623 \n \h 
[2]

 REF _Ref124137568 \n \h 
[3]

 REF _Ref124137620 \n \h 
[4]). The importance of macro diversity for MBMS has been shown in some preliminary evaluations, e.g. MBMS capacity in [5] and MBMS pilot in [4]. Here we summarize the advantages and disadvantages of several possible multiplexing methods, and recommendation is given at the end of the contribution. 
2 Multiplexing methods for unicast traffic and MBMS traffic 
MBMS and unicast transmission can be multiplexed at sub-frame level (inter-sub-frame multiplexing) or OFDM symbol level (Intra-sub-frame multiplexing).  In intra-sub-frame multiplexing, there are several options, FDM, TDM and scattered. For comparison these multiplexing, two important factors are considered, one is supporting scalable bandwidth, and the other is unicast data with tight delay requirement. 
The MBMS receiving bandwidth of UE could be different due to different capability, the straightforward way is, Node B transmits MBMS data in minimum bandwidth of these UEs.  E.g. MBMS data is transmitted on 10MHz bandwidth due to capability of receiving UEs, whilst the Node B supports 20 MHz bandwidth.
2.1 Inter-sub-frame multiplexing
MBMS and unicast transmission are multiplexed at sub-frame level. In Figure 1, the first sub-frame with short CP is for unicast, while the second sub-frame with long CP is for MBMS. 
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Figure 1 Inter-sub-frame multiplexing 
Advantages:
· Simple signalling for multiplexing.
· UEs can be in sleep during the sub-frames for the other type of traffic.  

· Efficient usage of long CP and short CP. 

Disadvantages:

· Some unicast control information cannot be transmitted timely. DL ACK for UL data is an example that has strict timing requirement, especially in synchronous HARQ operation. 
· Some unicast data is delayed during MBMS sub-frames.
· For supporting scalable bandwidths, some frequency resource would be wasted when the MBMS receiving UE’s bandwidth is smaller than system bandwidth. 
2.2 Intra-sub-frame multiplexing
Here, intra-sub-frame multiplexing only focus on sub-frames containing MBMS, Actually this kind of hybrid sub-frame containing both Unicast and MBMS is TDM with other unicast data in sub-frame level. 
2.2.1 Intra-sub-frame FDM 
MBMS and unicast transmission are multiplexed in frequency domain within a sub-frame. Unicast transmission shall use the same kind of CP as MBMS transmission. 
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Figure 2 Intra-sub-frame multiplexing - FDM
Advantages:

· It’s easy to resolve the problem of different UE capability on receiving bandwidth.  

· Unicast data with tight delay requirement can be transmitted timely. 
· Pilots for unicast and MBMS can be transmitted in allocated sub-bands for them respectively. 

· Fine granularity since the large number of sub-bands allows flexible division;
· Much More power can be allocated on MBMS sub-carrier to improve performance of MBMS as described in [4].
· The inter-cell interference coordination can be implemented in time or frequency.

Disadvantages:

· If the bandwidth for unicast is small, there is little frequency diversity for unicast. 
2.2.2 Intra-sub-frame TDM 
MBMS and unicast transmission are multiplexed in time domain within a sub-frame. Unicast may use different CP from MBMS, although current frame format does not allow different CP length within one sub-frame.  
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Figure 3 Intra-sub-frame multiplexing - TDM
Advantages:

· Unicast data with tight delay requirement can be transmitted timely

· Good frequency diversity for unicast;
· Inter-cell interference coordination is possible for unicast in frequency.
Disadvantages:

· It is difficult to efficiently support scalable bandwidths.
2.2.3 Intra-sub-frame Scattered
MBMS and unicast transmission are multiplexed in scattered format within a sub-frame. Unicast transmission shall use the same kind of CP as MBMS transmission.
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Figure 4 Intra-sub-frame multiplexing - Scattered
Advantages:

· Unicast data with tight delay requirement can be transmitted timely

· Good frequency diversity and time diversity;
Disadvantages:
· It is difficult to efficiently support scalable bandwidths.

· Inter-cell interference coordination is difficult.

3 Conclusion:
Considering scalable bandwidth is one important requirement for Evolved UTRA and UTRAN, and delay requirements, intra-sub-frame FDM is preferred for multiplexing unicast and MBMS. 

Of course, inter-sub-frame TDM can be easily realized by allocating all frequency resource to MBMS data in case that there is no urgent unicast data to be transmitted, moreover, MBMS data can be transmitted in whole bandwidth if all UE has capability to receive it.
A joint TP is given in a separate contribution based on the discussion here. 
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