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1 Introduction

In [1] we have shown by simulation the benefits of differentiating pilot shape distribution for neighbors cells. This is a forward manner to reduce inter-pilot interference at the UE side without any additional complexity. The only remaining interference over pilot symbols is caused by other data and signaling symbols which have usually less power than the pilot symbols. Reducing interference over pilot symbols results in a better channel estimation which in turn enhance performances.

In [1], we have shown also that, while satisfying sampling theorem constraints, pilot distribution can be very sparse. In practical applications, and in order to simplify channel estimation, it is preferable that pilot distribution be tighter (as it is given in [2]). Even-though, different non-overlapping pilot shapes can be given to neighbor cells. 

2 Pilot Shape Distribution

An example of pilot shape distribution is given in Figure 1. Pilot separation in time is Nt and is Nf in frequency domain. 
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Figure 1 – Pilot Shape distribution in an OFDM block

Considering the following parameters :

· Fd  
the channel fading half band bandwidth : 
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, v: mobile velocity, c light celerity

·  Bc  
the coherence bandwidth 
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, Tmax is the maximum channel delay

· Ts 
the OFDM symbol duration (including the guard interval time)
· 
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the sub carrier separation.

In order to sample the channel in such a way that no information is lost, separation between pilot in time and frequency domain must respect Shannon theorem :
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3 Reducing inter-pilot interference

3.1 Different pilot shape for different cells

In an OFDM cellular system, if only one pilot shape is used by all the cells, different pilots may arrive at the same time and carried by the same sub carrier resulting in an inter-pilot interference at the UE side. This interference may damage the channel estimation since it highly depends on the channel values at pilots’ position. Since pilot energy is usually higher than the data energy, thus by applying different pilot shape for different cells, in such a way that no more than one pilot symbol is received at a specific time and at a specific sub-carrier, we can eliminate any inter-pilot interference. The resulting Pilot-to-Interference-and-noise ratio becomes:
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Pp Pilot power, Pe data/control power, N0 stands for AWGN PSD.

This scheme is illustrated in Figure 2.
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Figure 2 – Different pilot shapes for different OFDM cells

In the matter of fact, there is no need to give every single OFDM cell a different pilot shape since OFDM transmitters are distant the one from the other, the relevant inter-pilot interference is caused essentially by geographically neighbor cells, in this case only few pilot shapes must be specified and distributed to a set of adjacent cells, the same pattern can be repeated all over the system.

4 Example

Let’s consider pilot shape distribution presented in [2] :

For parameter set 1, the common pilot channel used in the simulations consisted of the following time-frequency locations:

symbol 0:   -148                -132                -116                -100 …
-4                12 …

symbol 2:
      -140
       -124
      -108 …    
                       4                  20 …
symbol 4-:   -148                -132                -116                -100 …
-4                12 …

symbol 6:
      -140
       -124
      -108 …    
       

4      
        20

..

symbol 26
      -140
       -124
      -108 …    
                        4                  20

With the above grid, pilot symbols are separated by 8 sub-carriers in frequency 

As for set2 :

Symbol 0:    -349                -325                -301 …

299                323                347
symbol 1:
       -337
        -313
        -289 …               311
           335
symbol 2: :   -349                -325                -301 …

299                323                347
symbol 3: 
       -337
        -313
        -289 …               311
           335

.

.
symbol 11
       -337
        -313
        -289 …               311
           335

With the  above grid pilot symbols are separated by 12 sub-carriers in frequency.

These distributions can by allocated to Cell_1. Pilot distribution for Cell_2 can be obtained from Cell-1 by frequency up-shift of 2 sub-carriers :

Cell_2 = Cell_1 + 2 sub-carriers

For Set1:
symbol 0:   -146                -130                -114                -98 …
-2                14 …

symbol 2:
      -138
       -122
      -106 …    
                       6                  22 …
symbol 4-:  -146                -130                -114                -98 …
-2                14 …

symbol 6:
      -138
       -122
      -106 …    
                       6                  22 …
..

symbol 26
      -138
       -122
      -106 …    
                       6                  22 …


and for Set2 :

symbol 0:    -347                -323                -299 …

301                325                349
symbol 1:
       -335
        -311
        -287 …               313
           337
symbol 2:    -347                -323                -299 …

301                325                349
symbol 3: 
       -335
        -311
        -287 …               313
           337
.
symbol 11
       -335
        -311
        -287 …               313
           337

And for Cell_3, pilot distribution can be obtained fromCell_1 by frequency down-shifting by 2 sub-carriers : Cell_3 = Cell_1 - 2 

For Set1:
symbol 0:   -150                -134                -118                -102 …
-6                10 …

symbol 2:
      -142
       -126
      -110 …    
                       2                  18 …
symbol 4:   -150                -134                -118                -102 …
-6                10 …

symbol 6:
      -142
       -126
      -110 …    
                       2                  18 …

..

symbol 26
      -142
       -126
      -110 …    
                       2                  18 …


and for Set2 :

symbol 0:    -351                -327                -303 …

297                321                345
symbol 1: 
       -339
        -315
        -291 …               309
           333
symbol 2:    -351                -327                -303 …

297                321                345
symbol 3: 
       -339
        -315
        -291 …               309
           333

symbol 11
       -339
        -315
        -291 …               309
           333

Note that this pilot distribution allows to obtain 8 different and non-overlapping pilot shapes for set1 and 12 different and non-overlapping pilot shapes for set2.

By reducing inter-pilot interference, this method can help enhancing the reuse factor, thus we propose this method to be captured in the TR in section 6.6- Frequency re-use
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--------------------------------------  Start of Text Proposal  ---------------------------------------

6.6.1 Reducing Inter-Pilot interference by different pilot distribution

In order to recover the channel by interpolation among received pilot symbols, pilot distribution must satisfy sampling Nyquist theorem giving minimum inter pilot time/frequency separation. Tighter pilot distribution may be applied in order to facilitate channel estimation.

Within a cellular system applying the same pilot distribution for all cells, inter-pilot interference may occurs at the UE side resulting in a poor channel estimation reliability causing performance degradation especially for users at the cells’ boundaries.

When applying non-overlapping pilot distribution for neighbor cells, inter-pilot interference is replaced by pilot interference with other symbols having less power. Pilot distributions can be designed to avoid inter-pilot interference whatever the UE reception circumstances are. This can be done for instance by designing pilot distribution in such a way that for a giving sub-carrier, only pilot belonging to one cell can be mapped through time. Figure 1 gives an example illustration.
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Figure 1 - Different pilot distributions for different OFDM cells
This method reduces the inter-pilot interference with no significant additional complexity at the UE side. System design can consider only neighbor cells since distant cells have reduced interference. Inter-pilot interference reduction results in performance enhancement, which in turn increases the ability of neighbor cells to use the same frequency band. This method also allows the UE to better estimate simultaneously different transmitters’ propagation channels.

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