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1. Introduction

In [1]-[7], various options for multiplexing of distributed and localized allocations were presented.   It was agreed that, within one sub-frame, the two transmission modes will be multiplexed in an FDM manner with the exact mapping for further studies.  This contribution evaluates two different multiplexing options presented in [1] from a performance and implementation perspective.
2. Multiplexing of Distributed and Localized Transmission

Two options for multiplexing distributed and localized allocations with the same sub-frame are shown as follows:
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Figure 1.  Multiplexing options for distributed and localized allocations [1].
2.1. Option 2

For option 2, distributed allocations are made first, and then localized allocations use the remaining symbols in the sub-frame.  This is analogous to puncturing of the localized allocations to provide distributed allocations.  

Advantages of option 2 include:

· Good performance of distributed allocations as adequate frequency diversity is achieved in the sub-frame.  In [1]

 REF _Ref126644864 \n \h 
[8], it was shown that this distributed mapping may provide superior performance to option 3 by up to 1-2 dB.

· Small signaling overhead.  With pre-determined puncturing patterns, only the number of distributed virtual resource blocks (VRBs) need to be signaled in order to reconstruct the sub-carrier map at the UE.

· Distributed allocation is possible using only one VRB.
Disadvantage of option 2 includes:

· Puncturing loss for the localized users either through data rate reduction or additional power required to maintain the original data rate.  Note that the additional power required to maintain the original data rate may be substantial with large amount of puncturing, especially at high initial coding rate (see Figure 2 for example).  Correspondingly, reduced data rate proportional to the puncturing rate may be assigned to the localized users, or additional HARQ re-transmissions can be planned for.  This tradeoff decision is undertaken by the scheduler and thus may somewhat increase its complexity.
2.2. Option 3
For option 3, localized allocations are made first, and then the physical remaining resource blocks are used for distributed allocations. 

Advantage of option 3 includes:

· No impact to localized users.
Disadvantages of option 3 include:

· Performance degradation for distributed users due to limited frequency diversity. However, this degradation decreases as the number of physical resource blocks (PRBs) assigned to distributed allocation increases.  For example, in [1], it was shown that when half of the physical resource blocks are used for distributed allocation, performance degradation of option 3 compared to option 2 is approximately 0.3-0.5 dB.
· Cannot provide distributed allocation for a single VRB.

· Higher signaling overhead in denoting localized/distributed allocation (e.g. through a bitmap of the physical resource blocks).  However, as shown in [2][9], by fixing the PRBs assignment for distributed allocation, it is possible to reduce the signaling overhead to just the number of VRBs at the expense of decreased flexibility for localized assignment.

2.3. Hybrid implementation
As can be seen from the discussion above, both options provide advantages and disadvantages that largely depend on the division of distributed and localized allocations within a sub-frame.  When distributed allocation comprises a small portion of the sub-frame, option 2 is preferred.  However, as distributed allocation increases, option 3 becomes more attractive. As a result, a hybrid implementation of the two options is an effective implementation design.  To reduce signaling overhead, predefined distributed allocation under option 3 is used [9].  The following procedure outlines control signaling of distributed and localized allocation:

· Node B signals the number of distributed VRBs (ND-VRB) for the sub-frame in the common control channel.  If ND-VRB < K, distributed allocation is achieved via a predefined puncturing of the physical resource blocks assigned to localized allocation.  Otherwise, physical resources blocks are reserved for distributed allocation in a predefined manner, then data is distributed among the reserved blocks in a predefined pattern.  
3. Conclusions

In this contribution we discussed two different strategies for multiplexing distribution and localized allocations within a sub-frame.  When distributed allocation comprises a small portion of the sub-frame, puncturing method is preferred.  However, as distributed allocation increases, reserving resource blocks exclusively for distributed allocation is more attractive. As a result, a hybrid implementation of the two options can be an effective implementation design.
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Figure 2.  Puncturing Loss for Turbo Code.




























































































































































































































































