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1 Introduction
The structure and functions of the LTE DL control channel have been discussed and defined in the RAN1 working group for some time. Many features are already decided but regarding the mapping of the PDCCH, PHICH and the PFICH to resource elements there has been only some general agreements [1] [2] on the principles but no exact procedure has been defined so far. 
This contribution proposes a method for the mapping based on what is already agreed and taking into account additional issues that have been pointed out in the discussions.

2 Basis for the mapping
The following rules, which have been decided in previous meetings or been discussed in the RAN1 community, are the starting point for the mapping design.

· The mapping is done in groups of four resource elements called a mini-CCE

· The PFICH is mapped onto the first OFDM control symbol

· The PHICH is mapped to one or three control symbols. The number of OFDM symbols the PHICH is mapped to is semi statically set. This number is smaller or equal to the total number of control symbols

· The mapping is done in an interleaved manner and is the same for all cells. After the mapping a cell specific shift in frequency is done
· The mapping shall spread the mini-CCEs over the whole bandwidth for maximum frequency diversity and over all control symbols in order to average the transmit power

· When a UE enters the cell the number of PHICHs and control symbols they are mapped to are not known to the UE. The mapping shall still allow the UE to decode the first part of control channel and shall not lead to any chicken-and-egg problem as reported in [3]

· The mapping algorithm shall be generic and scalable for different bandwidths and simple to implement

This contribution proposes the mapping function but does not address related issues as the cell specific frequency shift or means for semi static settings.
3 Mapping algorithm
The mapping algorithm assumes that the PFICH, which consists of 16 resource elements, is placed in the first control symbol independently from the PHICH and the PDCCH. The PFICH is spread over the whole bandwidth to ensure maximal frequency diversity. The PHICH and the PDCCH are mapped together using the algorithm described below. PDCCH is mapped to all control symbols (1-3) and PHICH is mapped to one or three control symbols depending on semi-static settings. 
The PHICH and the PDCCHs are placed in a linear buffer divided into two regions, the primary PHICH region and the primary PDCCH region. The border between the regions is implicitly known from the bandwidth and corresponds to the maximum number of PHICHs that can be accommodated. Figure 1 outlines the principle.
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Figure 1. Division of the control resources into different regions
The actually number of PHICHs that are available is set semi statically and divides the primary PHICH region into two sub regions called the effective PHICH area and the secondary PDCCH area. The idea is that when the primary PDCCH region is filled with CCEs it can be continued in the secondary area. The primary PHICH- and the PDCCH-regions are implicitly known from the bandwidth and are independent on the semi static setting. It is also assumed that when important semi static information is transmitted it is signalled in the primary part of the PDCCH in order to make it independent on the number of actual PHICHs and to enable a new UE to access the information.

The mapping to miniCCEs is done by transforming the linear index from the buffer to a 2-dimensional (symbol, miniCCE offset) address. It is done in a diagonal manner, where adjacent indices are mapped to different parts of the frequency band and to the next symbol (if there are more than control symbol). The move from one index to another is defined by a step size, which is relative prime to the symbol size and dependent on the bandwidth. The mapping is complicated by the fact that PCFICHs are already placed in the first symbol and that the effective size of the OFDM symbols are different due to the reference symbols. Figures 1 and 2 show the idea of the mapping for the case when there is three control symbols and PHICH symbols and Table 1 shows the symbols sizes in miniCCEs and suggested step sizes for different bandwidths. The first OFDM control symbol is always small due to the reference signals. The second symbol is small or large depending on additional reference signals needed for certain antenna configurations. The third OFDM control symbol is always large.

Because the step size is a relative prime number it ensures that each position in the control symbols is visited once and only once. Below is given a pseudo code, which defines the mapping details. The same code is used for mapping both the PDCCH and the PHICH.
Table 1. Number of resource blocks, miniCCEs for small and large symbols and suggested step sizes

	Bandwidth (MHz)
	
N
RBs
	miniCCEs per symbol
	Step size

	1.4
	6
	12, 18
	7

	3
	15
	30, 45
	11

	5
	25
	50, 75
	23

	10
	50
	100, 150
	47

	15
	75
	150, 225
	73

	20
	100
	200, 300
	97


Symbol = 0; offset = 0;



// miniCCE address initialized to some value

Stepsize and NRB from Table 1

Numsym from PCFICH

Index = 0;

// Index into linear buffer of resource elements. Index points to  groups of 4 REs (miniCCE)
n = 0;









// Jump counter. Initialized to 0

for Index = 1 to N


while (current position is occupied or offset beyond symbol length) {


Offset = (Offset + Stepsize ) mod 3*NRB



Symbol = (Symbol +1) mod Numsym



n = n+1



if n mod (3*NRB) = 0




Offset = (Offset + Stepsize) mod (3*NRB)


}

miniCCE(Symbol, Offset) = Buffer(Index)

An example of the mapping is shown in Figure 2, where the control channel is mapped to three OFDM symbols for 1.4 MHz bandwidth.
	Sym 1
	Sym 2
	Sym 3

	
	19
	6

	
	11
	35

	
	40
	26

	
	17
	3

	
	8
	32

	
	37
	24

	42
	27
	16

	PFICH
	5
	30

	10
	34
	22

	39
	25
	14

	PFICH
	2
	44

	7
	31
	20

	36
	23
	12

	PFICH
	15
	41

	4
	29
	18

	33
	21
	9

	PFICH
	13
	38

	1
	43
	28


Figure 2. Example of mapping to three control symbols with a 1.4 Mhz bandwidth. PDHICHs in green and PDCCHs in yellow. PDCCH region starts at index 7, which is mapped to sym 1, offset 6.
In the special case when there is only one OFDM symbol reserved for PHICHs and several symbols for the PDCCHs the algorithm must be modified to keep the PHICHs in the first symbol. This can best be done by fragmenting the primary PHICH region in the linear buffer before the mapping function in a way that keeps the PHICHs in the first symbol as shown in Figure 3.

[image: image2]
Figure 3. The control channel regions in the case that the PHICH uses one OFDM control symbol and the PDCCHs use more than one symbol. Here the primary PHICH region is fragmented by the primary PDCCH region.
4 Conclusions
This contribution presents a mapping scheme that we believe will satisfy the requirements and provides the following benefits to the LTE control channel
· Complies with different scenarios like different number of control symbols, different number of PHICH symbols, different reference signal scenarios
· Can efficiently utilize all resources

· Adheres to previous decisions on basic mapping requirements
· Solves the chicken-and-egg problem reported in [3] without any additional PBCH signaling
· No need for PHICH configuration parameters in the P-BCH and D-BCH can be read without any prior knowledge about the PHICH configuration
· The algorithm can be implemented in a generic and bandwidth independent way, which uses only simple arithmetic operations (add, subtract, compare). Both HW and SW implementations are feasible
More specifically it is proposed that

· PCFICH, which is positioned independently in the first OFDM symbol in known locations,  is not part of the described mapping process

· The actually number of PHICHs that are available and is set semi statically
· The resources are divided into the primary PHICH region and the primary PDCCH region

· The primary PHICH region is further divided into two sub regions called the effective PHICH area and the secondary PDCCH area
· The primary PHICH- and the PDCCH-regions are implicitly known from the bandwidth (and are independent on the semi static setting)
· The mapping to miniCCEs is done by transforming the linear index from the buffer to a 2-dimensional (symbol, miniCCE offset ) in a diagonal manner using a step size which is bandwidth dependent
It is proposed that this mapping algorithm is adopted by the 3GPP LTE.
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