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1. Introduction

In RAN1#49 several working assumptions were adopted for the CCE-to-RE mapping. This contribution discusses these assumptions and highlights several possible interleaver designs for DL control channel to resource element (RE) mapping for the supported downlink (DL) L1/L2 Control Channel configurations.  Finally, the RE layout in terms of k=4 RE (QPSK symbol) groups (or mini-CEs) is shown for the simplest design for all possible LTE carrier bandwidth modes from 6 to 110 RBs.

2. CCE, RE Group,  and RS Working Assumptions 
From RAN1#49 Kobe meeting it was decided that –

· CCE-to-RE mapping should allow for interference randomization

· Interleaving of groups of k QPSK symbols from CCEs

· k=4 (current assumption, 6 or 8 is FFS)

· Common interleaving

· Cell-specific shift

· m= {multiple of k}

· Other cell-specific randomization mechanisms FFS

· Map to n OFDM symbols, start in frequency domain

· Interleaver designed such that a CCE spans n OFDM symbols
· 1 or 2 Tx antennas

· Assume there are two RS present, map control to the rest of REs, leave second RS empty (power can be used) in case of 1 Tx

· 4 Tx antennas

· Assume there are 4 RS present, map control to remaining REs

A RE group (REG) consists of k REs (QPSK symbols) from CCEs. .  It is assumed that k=4 since this results in efficient mapping and a group size that is aligned with the 2 TX antenna diversity SFBC scheme and the 4 TX antenna diversity SFBC+FSTD scheme.  A REG is composed of 4 CCE REs and may also include two additional REs if the corresponding OFDM symbol supports reference symbols (RSs) for configured antennas where the additional REs are therefore:

· RSs if the OFDM symbol supports 2 TX antennas
· One RS (RS0) and one punctured RS location (RS1) in the case of 1 TX Antenna
3. Control Channel Mapping for different Configurations
The steps for mapping PCFICH, PHICH, Punctured REs, and CCEs to control region REGs are: 
1) Determine #available REGs per the control channel configuration as determined by -

a. #RSs and punctured RS locations determined by the #TX Antennas per OFDM symbol and 

b. n the number of OFDM symbols in the control region
2) Determine number of PCFICH, PHICH, Punctured REGs, and if any partial REGs (also punct.)
3) Determine PCFICH REG locations for given cell offset m
4) PHICH and Punctured REG locations are linked to PCFICH locations

5) Left over REGs are used for CCEs
6) Common Interleaver distributes REGs of each CCE over n OFDM symbols for cell offset m and possible also for a reuse factor r
The equations given in ANNEX A can be used to determine the complete mapping parameters as shown in Figure 1 and  for any control channel configuration and any bandwidth from 6 to 110 RBs.  
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Figure 1 – Logical Mini-CCE (REG) mappings per CCH Configuration for 5 MHz carrier mode
4. CCE-to-RE Mapping Approaches
In this section of the contribution we examine three approaches to interleaver design.

Approach 1: Block Interleaver

An example of the Block CCE REG interleaver is shown in Figure 2 for 5 MHz carrier mode with 1 TX antennas and n=2.  The interleaver distributes REGs of each CCE over n=2 OFDM symbols for cell offset 
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Figure 2 – Interleaver mapping of mini-CCEs to OFDM symbol locations.  The CCE# in 9 x 13 matrix based on r, j, i where j is cell number, r is reuse factor, and i is next CCE scheduled
The reuse factor r can be chosen to orthogonalize CCE REGs when all CCEs are not used such as might occur for periods of reduced or light to moderate loading before n is reduced.  For this interleaver no explicit randomization is performed such that any effective randomization comes from m being different per cell and that the  scheduled UEs at each cell for a given subframe do not have the same pathloss and channel states.
Approach 2: Random Permutation and Number Addition
In contrast to the emphasis on orthogonalisation of approach 1, approach 2 randomly distributes REGs thereby randomizing interference when all CCEs are not used. The basis for approach 2 is to use a single random permutation common to all eNBs.

The common random permutation would be of length 
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 is the number REGs per CCE) and ideally would be generated using already existing functionality in order to minimize added complexity. Let the sequence
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 denote this common random permutation. A cell specific permutation could then be derived from this random permutation by adding the values of the sequence by the cell specific shift 
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. Possible interleaver choices which can be considered are the internal turbo code QPP interleaver and the sub-block interleaver [1].

Approach 3: Random Permutation and Cyclic Sequence Shift
Similar to approach 2, this approach relies on a common random permutation. However instead of shifting the permutation by a fixed number the permutation is cyclically shifted by a fixed offset. In greater detail, let the sequence
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. Possible interleaver choices which can be considered are the internal turbo code QPP interleaver and the sub-block interleaver [1].

5. Interleaver Performance Comparison via System Simulations

LTE system simulation was used to compare the different interleavers as indicated below.  Other interleavers are also being simulated but are not currently available (e.g. CSPI [2]).  Simulation methodology includes modeling both scheduling grants (36-bits) and scheduling assignments (47-bits)  where at most 6 scheduling grants and 6 scheduling assignments can be sent per subframe for the 5 MHz carrier mode modeled assuming n=2, 2 TX Antennas, and normal CP. 

There were 13 CCEs of size 36 REs used for PDCCHs with all other resources allocated to PCFICH. All other mini-CCEs (8) were allocated for PCFICH (4), PHICH(3), or punctured(1).

Interleavers are modeled in every sector (19 cell sites with 3 sector each) when computing interference and SINR.  The EESM link error prediction approach was used as well as an actual instantiation of a K=7  convolutional decoder.  The results shown use the convolutional coder for link error prediction and rule out the possibility that the EESM LEP might miss some variation effecting LEP accuracy.
Block: Approach 1, block interleaver
App2, QPP: Approach 2 with QPP interleaver

App3, QPP: Approach 3 with QPP interleaver

App2, Subblock: Approach 2 with sub-block (rate matching for convolutional code) interleaver 
App3, Subblock: Approach 3 with sub-block (rate matching for convolutional code) interleaver

App2, Random seq: Approach 2 with random permutation interleaver generated by Matlab a priori

App3, Random seq: Approach 3 with random permutation interleaver generated by Matlab a priori
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Table 1 – Case 1 Sector Throughputs
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Table 2 – Case 1 5% UE Throughputs
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Figure 3 – Case 1 CCH FER vs. CDF
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Table 3 – Case 3 Sector Throughputs
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Table 4 – Case 3 5% UE Throughputs
[image: image32.emf]0.7 0.75 0.8 0.85 0.9 0.95 1

10

-2

10

-1

10

0

CDF

CCH FER

 Case 3 MAXCDM = 4 CCH FER vs. Prob.

 

 

Block

App2, QPP

App3, QPP

App2, Subblock

App3, Subblock

App2, Random seq

App3, Random seq


Figure 4 – Case 3 CCH FER vs. CDF
6. Conclusions

Control channel to RE mapping has been described for PCFICH, PHICH, and PDCCH control channels.  Different interleaver schemes have been described and simulated for the PDCCH CCE to RE mapping that achieve different degrees of randomization.  The preference is for an interleaver scheme that reuses existing hardware components such as the QPP Turbo interleaver.  However, there are some perfromance considerations that might make other interleavers attractive and that also have quite simple implementation. 
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8. ANNEX A – Mapping Parameters Equations

The following equations determine REGs per control region ofdm symbol for each CCE given the control channel configuration (size of control region and #TX Antennas) and system bandwidth in RBs.

The number of REs per OFDM symbol i is determined by:
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The number of REGs per OFDM symbol i and the total number of CCEs are determined by:

[image: image36.wmf]ë

û

n

i

REG

N

N

sz

REi

REGi

,...,

1

,

/

=

=



[image: image37.wmf]3

2

1

_

REG

REG

REG

total

REG

N

N

N

N

+

+

=



[image: image38.wmf]sz

sz

total

REG

avg

CCE

CCE

REG

N

N

/

_

_

×

=



[image: image39.wmf]ë

û

avg

CCE

CCE

N

N

_

=


The number of unallocable REGs per OFDM symbol i which will then be punctured is determined by:
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Of the total number of useful REGs per OFDM symbol i composing CCEs there are 
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Where - 

· n – number of ofdm symbols in control region, 

· REGsz=k=4,   
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· w1=1 if #TX Ant >2 else w1=0   and    If n>2 then w3=w2=1 else w3=3, w2=0
· Kant=6 if 1 TX Antenna else Kant=3 if 2 TX Antenna supported for a given symbol
· However Kant=3 for 1 TX antenna given RS1 location puncturing working assumption 

9. ANNEX B – Available CCEs per System BW and PCFHICH/PHICH Addressing

Based on the equations of ANNEX A and assumptions on PHICH allocations the number of CCEs vs. bandwidth for different n and #TX Antennas can be determined as shown below in Figure 5.  ANNEX B also provides details on the addressing for PCFICH, PHICH, and unallocable REGs.  In this case it is assumed that PCFICH, PHICH and unallocable REGs are not included in the PDCCH CCE interleaver.
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Figure 5 – Number of CCEs vs Bandwith for different n and #TX Antennas

The physical mapping of the PCFICH, PHICH, Punctured REs, and PDCCH to REGs in the control region is given in Figure 5 and is based on Figure 2.  For 5 MHz carrier mode the reserved mini-CCE locations for PCFICH (see Figure 5) in the first OFDM symbol of the control region are:


{1, 16, 32, 50}

The reserved mini-CCE locations for PHICH in the first OFDM symbol of the control region when n<3 and 
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 are:

{2,3,4,17,18,19, 47,48,49}

For n=3 and 
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 then for first OFDM symbol:


{2, 17, 49}

and for symbol 3 and for symbol 2 with 2 TX antenna


{1, 38, 75}

or for symbol2 with 4 TX antenna


{1, 26, 50}
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15 1 mCCE1 22 3 mCCE1 15 0 mCCE1 35 10 mCCE1 15 0 mCCE1 37 5 mCCE2 37 5 mCCE1
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36 4 mCCE1 32 0 Punct. 50 1 PHICH 75 1 PHICH

45 9 mCCE1 32 0 mCCE1

45 0 mCCE1 41 9 mCCE2

46 1 Punct. 48 7 mCCE1

49 3 PHICH 48 0 Punct.

50 1 PCFICH 49 1 PHICH

50 1 PCFICH

2TX Ant, n=3 4TX Ant, n=2 2TX Ant, n=2

4TX Ant, n=3 1TX Ant, n=1, (RS0 occupied, RS1 punctured)

ofdm sym1 ofdm sym2 ofdm sym1 ofdm sym2 ofdm sym1 ofdm sym2 ofdm sym3

ofdm sym3

ofdm sym1 ofdm sym2

ofdm sym1 ofdm sym2


Figure 6 = Physical Mini-CCE Mapping for all DL CCHs for each 5MHz CCH configuration. PCFICH Mini-CCE locations are {1,16,32,50} in symbol 1.  PHICH Mini-CCE locations are {2,3,4,17,18,19,47,48,49} in first symbol when n<3 else {2,17,49} for symbol 1 and {1,38,75} for symbol 3 and symbol 2 for 2 TX Ant or {1,26,50} for symbol 2 and 4 TX Ant.

To generalize this further for all bandwidths then location equations for PCFICH REGs, PHICH REGs, and Punctured REGs are defined by:
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If n=3 then 
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If #TX Antennas=0 for symbol i then Ko,i=3 else if #TX Antennas=2 then Ko,i=2

If #TX Antennas=1 and second RS is punctured for symbol i then Ko,i=2 
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ji  – number of punctured REGs for OFDM symbol i for location A
ki – number of punctured REGs for OFDM symbol i for location B
li  – number of punctured REGs for OFDM symbol i for location C
oi – number of punctured REGs for OFDM symbol i for location D
pi – number of punctured REGs for OFDM symbol i for location E
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Figure 7 – Control Channel REG Mapping example.
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