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1 Introduction
 In the current standards [1] description on PDCCH mapping to physical resource elements, the quadruplets of modulated symbols are permuted using the sub-block interleaver [2], before cyclic shifting by an amount equal to the cell ID. The separation between the mapping of PDCCH to REs in adjacent cells is not sufficiently randomized. 
This contribution proposes a simple correction by exchanging the steps for quadruplet permutation and cyclic shifting, so as to randomize the PDCCH mapping to physical REs in adjacent cells. 

2 Randomization of PDCCH mapping to RE
In a lightly loaded cell site, not all the CCEs need to be allocated for the available PDCCH. For example, there may only be one or two PDCCHs in the common search space, and a few in the UE-specific search space. 
For the PDCCHs in the common search space, the mapping of the a PDCCH to the RE may differ by only one or two quadruplets or REGs in neighboring cells, based on the current procedure as described in section 6.8.5 of [1]. On the other hand, similar situation may happen with the PDCCHs in the UE-specific search space, as different UE with the same RNTI and aggregation level in neighboring cells could map to the same CCE, based on the current definition of UE-specific search space [3]. 
This would be undesirable in a lightly loaded cell site, as the PDCCH may still suffer from intercell interference. A simple change can be made to the procedures in Section 6.8.5 of [1] to increase the randomization of the PDCCH mapping to the physical resources elements to reduce intercell interference. 
By exchanging the steps for permuting the quadruplets using the subblock interleaver with cyclic shifting by an amount equal to the cell ID, the PDCCHs  on the same  CCE in neighboring cells  have a better chance to be mapped to different physical REs that are spread across the OFDM symbols that are allocated for PDCCH. 

3 Conclusion
To randomize the mapping of PDCCH to physical resource elements, the steps for permutation and cyclic shifting of the quadruplets should be exchanged in the procedure as described in the current specification [1], Section 6.8.5.
4   Proposed text changes for TS 36.211
6.8.5
Mapping to resource elements

The mapping to resource elements is defined by operations on quadruplets of complex-valued symbols. Let 
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 denote symbol quadruplet 
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The block of quadruplets 
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The block of quadruplets
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, shall be permuted resulting in 
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. The permutation shall be according to the sub-block interleaver in Section 5.1.4.2.1 of [3] with the following exceptions:

· the input and output to the interleaver is defined by symbol quadruplets instead of bits

· interleaving is performed on symbol quadruplets instead of bits by substituting the terms “bit”, “bits” and “bit sequence” in Section 5.1.4.2.1 of [3] by “symbol quadruplet”, “symbol quadruplets” and “symbol-quadruplet sequence”, respectively

<NULL> elements at the output of the interleaver in [3] shall be removed when forming 
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. Note that the removal of <NULL> elements does not affect any <NIL> elements inserted in Section 6.8.2.





Mapping of the block of quadruplets 
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 is defined in terms of resource-element groups, specified in Section 6.2.4, according to steps 1–10 below:
1)
Initialize 
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Initialize 
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Initialize 
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4)
If the resource element 
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 represents a resource-element group not assigned to PCFICH or PHICH then perform step 5 and 6, else go to step 7

5)
Map symbol-quadruplet 
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6)
Increase 
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 by 1

7) Increase 
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8) Repeat from step 4 if  
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 corresponds to the number of OFDM symbols used for PDCCH transmission as indicated by the sequence transmitted on the PCFICH

9) Increase 
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10) Repeat from step 3 if 
[image: image29.wmf]RB

sc

DL

RB

'

N

N

k

×

<


5 References

[1] 3GPP TS36.211 v8.3.0, May 2008

[2] 3GPP E-UTRA Multiplexing and Channel Coding (Release 8), TS36.212 v8.3.0, May 2008.
[3] 3GPP E-UTRA Physical Layer procedures (Release 8), TS36.213 v8.3.0, May 2008.
_1263034274.unknown

_1263988501.unknown

_1263989226.unknown

_1265562929.unknown

_1279540147.unknown

_1279540175.unknown

_1279540297.unknown

_1279540158.unknown

_1272443088.unknown

_1265200616.unknown

_1263988695.unknown

_1263989139.unknown

_1263988851.unknown

_1263988602.unknown

_1263988344.unknown

_1263988432.unknown

_1263988320.unknown

_1263736862.unknown

_1256473672.unknown

_1256625487.unknown

_1256625583.unknown

_1262618921.unknown

_1256625509.unknown

_1256473699.unknown

_1256473571.unknown

_1256473450.unknown

