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1. Overview
   Requirements for a LTE-Advanced were discussed at the Shenzhen work shop and the Kansas City meeting. Finally, the LTE-Advanced requirements specification ‎[1] was approved at the RAN Plenary #40 meeting in Prague.

  According to the requirements, we suppose that achieving two targets of the spectral efficiency (average and cell edge) simultaneously is very important technical issue. These targets are in the relation of the trade-off because the number of resource blocks is finite. Of course, the capacity of each resource block can be improved by using novel techniques. Furthermore, it is necessary to discuss about how two kinds of spectral efficiencies can be improved simultaneously without (or with a little) degradation due to trade-off.
   The remainder of this document is structured as follows. Section 2 describes about the relation of the trade-off. Section 3 shows the capacity enhancement scheme, at the cell edge especially. Section 4 shows the proposed technique. Section 5 concludes the paper. 
2. Relation of the trade-off
   The trade-off relation between the performance of the cell edge users and one of the non cell edge users may occur by sharing the finite resource blocks among users as shown in Fig.1. That is, the average spectral efficiency can be improved when many resources are allocated to the non cell edge users. And the opposite case is also similar. Thus the capacity of each resource block should be improved to achieve two targets of the spectral efficiency simultaneously.
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Fig.1 Relation of the trade-off by sharing resource blocks.
3. Capacity improvement
   To improve the capacity of each resource block, high density of multiplexing seems effective. For example:

· SU-MIMO, MU-MIMO
· MIMO coverage enhancement by relay stations
   And reduction of inter cell interferences (ICIs) seems effective to improve the cell edge capacity especially.
3.1. Cell edge capacity improvement
   We suppose there are four approaches to degrade the influence of ICIs.

A) Reduce transmission power

B) Stop transmission

C) Reduce interferences radiation by directional gain

D) Combine interferences (That is, Network collaborative MIMO)
   A) and B) do not seem preferable. The cell edge efficiency may be improved, but the efficiency of the adjacent cell which contributes ICI reduction degrades. Therefore, we also consider that evaluation of the spectral efficiency of adjacent cells is necessary on ICIC assessment because it can not be made clear how degradation of adjacent cells occurs by one cell evaluation model.
   C) and D) seem suitable for improving the cell edge efficiency without (or with a little) degradation of efficiencies of the adjacent cells. The examples of the case C) and case D) communications are shown in Fig.2 and Fig.3 respectively.
   In the Fig.2, the example of the case C) is shown. Resource #1 and #2 can be considered as different resources of time domain or frequency domain. Each UE can communicate with eNB in high SIR condition by avoiding ICI. To do this, each UE selects an appropriate resource for itself after eNBs cooperate to adjust output directional gain not to generate ICI.
   In the Fig.3, the example of the case D) is shown. Each UE can communicate multi-streams with several eNBs by combining ICIs. Furthermore, multiple Network Collaborative MIMO communications can be done  in principle if each eNB can divide UEs in spatial domain. Each user communicates with two eNBs by using beams colored blue or red. That is, Network Collaborative MIMO in beam space.
   And we will propose the spatial interference randomization technique as these methods of beam output can be achieved.
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Fig.2 The example of the communication with reduction interferences radiation by directional gain
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Fig.3 The example of the communication with combining interferences
4. Proposal of the spatial interference randomization technique
   Each eNB has plural beam patterns as precoding vectors. Different beam patterns can be applied by using different precoding vectors among subbands (resource blocks). Spatial ICI can be randomized among RBs by keeping the independence of the output scheme of beam patterns through the whole RBs. In actual, each eNB gives the beam pattern ID to each beam (precoding vector) as shown in Fig.4. After that, the beam pattern ID sequence is given to each eNB as shown in Fig.5. To keep the ICIs random among RBs, the sequence should be defined as the cross-correlation of the sequence among eNBs is low. 

   Fig.7 shows the effect of this proposal. The beam pattern ID sequence is assumed as Fig.5, and the cell topology as Fig.6. According to the Fig.7, we can see that there are low ICI position and high ICI position in the central cell (cell D) in each resource block. And we can also see that there are high ICI RB(s) and low ICI RB(s) at the whole place. That is, Spatial ICIs have the diversity among RBs. So each UE can select the high ICI RB or the low ICI RB by measuring the channel quality of the whole RBs.
   We have not had a good idea which kind of RB should be selected. But this technique can be applied to two policies as follows:
· UE selects the RB of the high ICI, and can apply the Network Collaborative MIMO.

· UE selects the RB of the low ICI, and can avoid ICI.

   We consider this technique is useful because the preset sequences make ICIC easy. If each eNB decides output scheme independently, the resource block allocation becomes difficult for Network Collaborative MIMO and deterministic ICI avoidance because the amount of ICI of each resource block changes on each subframe.
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Fig.4 An example of plural beam patterns (precoding vectors) which eNB has
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Fig.5 An example of the beam pattern ID sequence
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Fig.6 Cell topology
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Fig.7 An example for explanation of randomized ICI among RBs by using the proposed technique.

5. Conclusion
   In this contribution, the spatial interference randomization technique was proposed. This technique can be applied to two policies as follows: 

· UE selects the RB of the high ICI, and can apply the Network Collaborative MIMO.

· UE selects the RB of the low ICI, and can avoid ICI.

   Thus our claim is that each eNB should have the beam pattern ID (precoding vector index) sequence shown in Fig.5 to do ICIC. If each eNB decides output scheme independently, the resource block allocation becomes difficult for Network Collaborative MIMO and deterministic ICI avoidance because the amount of ICI of each resource block changes on each subframe.
   Furthermore, we should consider that evaluation of the spectral efficiency of adjacent cells is necessary on ICIC assessment because it can not be made clear how degradation of adjacent cells occurs by one cell evaluation model.
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