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1. Introduction

This contribution addresses the issue of mapping Control Channel Elements (CCE) to the Resource Elements (RE), according to the decisions in [1] and [3]. The starting point of the design is given in [3].
2. Mapping of Control Channel Elements to the Resource Elements
The PDCCHs were decided to be formed by aggregation of Control Channel Elements. As the CCEs are of constant size, but coded with a modular choice of code rates {2/3, 1/3, 1/6, 1/12}, aggregation from one up to four CCEs is necessary. The decoding performance of the CCEs is important for correct interpretation of the PRB allocations and their Transport Formats. Thus, in addition to a code rate set selection, power boosting is favoured. However, for any CCE, the diversity order should be as large as possible to reduce the need of lower code rates and power boosting. Thus, all the code blocks, even the smallest one, require as large frequency diversity as achievable over the selected operation bandwidth, because they will lack time diversity. Additional transmit antenna diversity gains should be provided, whenever two transmit antennas are available in the cell.
In [2] it was proposed that each PDCCH is spanned in time-domain to the full number of OFDM symbols available for control signalling to maximize the resources for power control and to minimize the impact of power balancing. This applies respectively to every CCE forming a PDCCH, as shown in Fig.1. In frequency domain, every PDCCH was proposed to be distributed in clusters of sub-carriers over the full system bandwidth, as shown in Fig.2. (Different sizes of PDCCHs are illustrated in these Figures as blue for a PDCCH of a single CCE, as green for a PDCCH of two CCEs and as yellow for a PDCCH of four CCEs.)
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Fig. 1. Mapping of PDCCHs to the OFDM symbols in the control signalling part of the sub-frame.


[image: image2.emf]CB1,1

CB1,2

CB1,3

CB1,4

CB2,1

CB2,2

CB2,3

CB2,4

CB3,1

CB3,2

CB3,3

CB3,4

RS(A1)

RS(A1)

RS(A2)

RS(A2)

RS(A1)

RS(A2)

RS(A2)

OFDM 

symbol (0)

OFDM symbol 

(0,1,2)

Code Block, 

CB1

Code Block, 

CB2

Code Block, 

CB3

OFDM symbol 

(0,1,2)


Fig. 2. PDCCH distributed over the system bandwidth. Each code block on a PDCCH is distributed to a set of sub-carriers. (E.g. CB1 consists of CB11, CB12, CB13, CB14 ; CB2 consists of CB21, CB22, CB23, CB24 ; CB3 consists of CB31, CB32, CB33, CB34.) Here, RS(A1) and RS(A2) show the presence of the reference symbols for two antennas in the first OFDM symbol of the sub-frame.

The starting point of design has so far covered two approaches of either the clustered “sub-carrier distributed” mapping or the time-frequency “fully scattered” mapping, as shown in Fig.3. and Fig.4 respectively. These schemes have the following properties, each of which are shortly addressed in the sections below.
The sub-carrier distributed mapping targets at
· large frequency diversity
· simple mapping of CCEs to the REs

· Smooth (less spiky) power profiles on the sub-carriers over the OFDM symbols (0-2)

· Allocation of relatively low power CCEs to the edges of the bandwidth

· Allocating CCEs in clusters including pairs of sub-carriers to enable antenna diversity schemes (e.g. SFBC)
The fully scattered mapping targets at

· Increased time-frequency diversity by scattering
· randomized sub-carrier powers
Simple mapping
The simple mapping of CCEs to the REs is visualized by examples of Fig.3 and 4.
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Fig. 3. The sub-carrier distributed mapping of CCEs, in case of a) 1 RS, b) 2 RS or c) 4 RS present.
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Fig. 4. The fully scattered mapping of CCEs in case of a) 1 RS, b) 2 RS or c) 4 RS present.

Cell specific coordination

Mapping of CCEs to the REs apply the process described in Fig 5. Both schemes allow coordination of power patterns between the neighbouring cells. The sub-carrier distributed scheme does this by applying a cell specific frequency shift between the CCEs. It may be that such a shift does not exist at all or is an integer shift of the CCEs. This can be motivated e.g. by having a high power signalling contained in a CCE avoiding the band edges and avoiding the transmission of other high power allocations in the neighbouring cells in the same sub-carrier resources. As an alternative, the CCEs could have a non-integer CCE shift, which would cause two CCEs partly interfere a single CCE. (On the other hand, the interference experienced for a received CCE is not always due to the other CCEs in the neighbouring cells, but also due to the PDSCH PRBs.) If it is decided to have a cell-specific shift in frequency, this can be created similarly to the proposed cell specific frequency shift of the Reference Sequences, which is uniquely indicated by the P-SCH/S-SCH pair. The fully scattered scheme would propose a cell specific permutation for interference averaging. This permutation may also be derived from the P-SCH/SCH pair similarly to the sub-carrier distributed scheme.
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Fig. 5. Mapping of CCEs to the REs. As an alternative to the cell specific permutation, the preferred sub-carrier distributed scheme would rather benefit of a cell specific shift, which may be zero or an integer number of CCEs and the sub-carrier symbol permutation is not necessary.
Power coordination

The clustered sub-carrier distributed mapping will benefit of power coordination at the band edges. This is not available for the Fully scattered mapping, because the sub-carrier on different OFDM symbols (0-2) will belong to several different CCEs. The power profiles of the clustered sub-carrier distributed mapping and fully scattered mapping are compared by an example in Fig. 6. It is clearly visible form this example that the sub-carrier distributed scheme behaves more steadily than the fully scattered scheme. Yet, both schemes provide interference randomization as they only appear in few OFDM symbols of the sub-frame and their transmission power and effective mapping will change from one sub-frame to another. The more steady transmit power of the sub-carrier distributed scheme provides an additional opportunity of frequency-power coordination, as show in Fig. 7. In this example, having selected CCE allocations from the center of the bandwidth towards the end of the bandwidth in numerical order {1, 2, 3, 4, 5, 6, 7, 8} would equally well allow a sorted allocation of CCEs as {1, 4, 3, 2, 5, 8, 7, 6}. The receiving UE would see no decrease of probability of correct decoding of this sorting, but the band edges would thus avoid high power boosted sub-carriers. (Again, if there is so called soft-frequency reuse with power profiles arranged for inter-cell interference coordination, the sub-carrier distributed mapping allows realizing such power restrictions.)
Arranging the lowest power CCE to the bandwidth edge avoids the unfavourable impact to the filtering requirements, which might otherwise appear, say, if power boosting (up to 6 dB !) of CCEs would occasionally appear close to the band edge. Note that for the clustered sub-carrier distribution, it is always possible to sort the CCE powers, and the worst case converges to every CCE using the highest power, which forces the power boost to 0 dB, which maintains the filtering requirements intact.
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Fig. 6. An example of power profiles for a) the sub-carrier distributed transmission of CCEs and for b) the fully scattered transmission of CCEs.
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Fig. 7. The power profiles of a) non-coordinated and b) coordinated power profiles for the band edge. The power profiles for CCE transmission may lead high power boost of sub-carriers close to the band edge. With the coordinated power profiles, power boosting carriers close to the band edge can be avoided. In the example above, sorting of the CCEs from order {1, 2, 3, 4, 5, 6, 7, 8} from the band center towards the band edge to the order {1, 4, 3, 2, 5, 8, 7, 6} is shown to gain by providing lower powers at the band edge (shown by the oval).

Transmit diversity

There is another drawback of the fully scattered mapping, namely it does not favour pre-coded transmit diversity schemes as the symbols forming a pre-coding matrix would have a large frequency separation and would thus make channel less coherent for the spatial estimation. The transmit diversity gains seem to be achievable for the clustered sub-carrier distributed scheme, but the actual schemes can be studied further.

For these reasons, any additional diversity to be available from scattering itself would remain the only possible benefit of the fully scattered scheme compared to the clustered sub-carrier distributed scheme. Thus, the potential increase of scattering diversity compared to the sub-carrier distribution was shortly studied in this paper. Transmit diversity was not included in this study yet.
3. Simulation study
The performance of CCE transmission was studied as a function of code rate for different mapping schemes. The analysis assumed a constant CCE size of 36 symbols and a code rate set of {2/3, 1/3, 2/9, 1/6, 1/12}, where the aggregation of CCEs was executed to result the larger code blocks. The mapping to Resource Elements included a) a sub-carrier distributed mapping in a single OFDM symbol, b) a sub-carrier distributed mapping in 3 OFDM symbols and c) a fully scattered mapping. The simulation assumptions are shown in Appendix I.
The results, in Fig. 8 show close to comparable performance for schemes a, b and c. Scheme a performs somewhat better at high code rates, that generate a short block of coded symbols, and thus slightly reduced the frequency diversity of schemes b and c. For different code rates, the differences remain minor. The results show that taking into account power boosting, increase of the resolution of the code rate set is not necessary. The lowest code rate is beneficial in extreme SINR cases (e.g. in cells with a single transmit antenna) avoiding very high power boosting. The highest code rate may be beneficial to save REs in case of high SINR is experienced at high probability. It is shown by the simulation results that the granularity provided by 4 code rates is well sufficient. Thus a modular choice of the code rate set {2/3, 1/3, 1/6, 1/12} is sufficient and is therefore proposed.

For the other potential benefits of the clustered sub-carrier distribution over the fully scattered scheme, the clustered sub-carrier distribution is proposed. The cluster size for the CCE could be in pairs of sub-carriers at minimum. (This is a minimum requirement resulting for two antenna transmit diversity.) The cluster size could as well be a larger number of sub-carriers, but at least 3 to 4 separate frequency clusters are needed per CCE to get the maximal frequency diversity gains.
[image: image8.emf]-10 -5 0 5 10

10

-3

10

-2

10

-1

10

0

OFDM | QPSK | G-TU3 | 300/512 | TB-CC:R=1/3,K=7

Block Error Rate

SNR [dB]

 

 

Reff=2/3

Reff=1/3

Reff=2/9

Reff=1/6

Reff=1/12

distr-1

distr-3

scattered


Fig.8. Analysis of the CCE decoding performance as mapped to the REs by a) a sub-carrier distributed mapping in a single OFDM symbol, b) a sub-carrier distributed mapping in 3 OFDM symbols and c) a fully scattered mapping.
4. Discussion and conclusions

As each CCE is distributed over the full bandwidth, there is no loss of frequency diversity nor loss of channel estimation accuracy by the clustered sub-carrier distributed mapping compared to the fully scattered mapping. However, in the clustered sub-carrier distributed mapping, the eNB may favourably exploit the degree of freedom for arranging the CCEs according to their needed power boosting. This opportunity is not maintained in the fully scattered scheme. Further, the clustered sub-carrier distributed mapping allows exploitation of pre-coded transmit diversity.
Based on this study, it is proposed that CCE to the RE mapping is designed based on the clustered sub-carrier distribution. Further, the proposal includes the code rate set of {2/3, 1/3, 1/6, 1/12} and a cluster size for the CCE, which is in pairs of sub-carriers at minimum, but extends at least from 3 to 4 separate frequency clusters.
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Appendix I

Table 1. Simulation assumptions and parameters.
	Parameter
	Value
	Note

	Bandwidth
	5 MHz, 300 sub-carriers, 512-point FFT
	

	Modulation
	QPSK
	

	Coding
	Convolutional tail-biting (R=1/3, K=7); 3GPP rate matching [4] is applied for obtaining code rates
{1/12, 1/6, 2/9, 1/3, 2/3}
	

	HARQ, redundancy
	NO
	

	Information block size
	48 bits
	Including 16 CRC bits

	interleaving
	Random bit interleaving in frequency/time
	

	Channel model
	GSM TU 3 km/h
	

	Antenna configurations
	1 TX, 2RX
	

	Channel estimation
	Wiener filter
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