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1 Introduction

It has been shown in a series of contributions [1]-[3] that varying the position in frequency of the downlink (DL) reference symbols from sub-frame to sub-frame can provide reductions of the required received signal-to-interference ratios of more than 1 dB in some multi-cell environments. Multiple different time-frequency (T-F) patterns used in different cells to control the position in frequency of reference symbols in different cells, combined with modulation of reference symbols with different cell-specific scrambling codes [4], represent the way to maximize the performances of channel estimation algorithms deployed in the UEs to demodulate E-UTRA DL signals.

Further on, it has been demonstrated that all the proposals for the time-frequency positioning of the reference symbols can be described by a common and simple formula [3]. For example, the varying of frequency positions of the reference symbols between the cells can be described by special time-frequency positioning patterns having the frequency positions of the reference symbols the same in all sub-frames but different in different cells.
In this contribution we provide some additional performance evaluation results for the several proposals for time-frequency positioning of the DL reference symbols, including frequency position variations from sub-frame to sub-frame, as well as frequency position variations between the cells, and finally the same frequency positioning of reference symbols in all cells. All the three proposals are evaluated for the reference symbols repetition period in frequency M =6.
2 Frequency-Hopping Pilot Patterns
If  fa(j,t) is the frequency of the j-th reference symbol in t-th subframe of a-th T-F pattern, then it can be represented as 

 fa(j,t)= (j-1)M + sa(t),    j=1,…, Np,




















(1)

where  M is the period of DL reference symbol in the frequency domain, Np is the number of reference symbols in each OFDM symbol carrying DL reference symbols, and sa(t) is t-th element of a-th  T-F periodic sequence of length (period) L. In this way it is ensured that the distance in frequency domain between the successive reference symbols is constant and the same in all OFDM symbols carrying reference symbols. It can be also viewed as if a T-F sequence is added to the equidistant frequencies of a fixed time-frequency grid. 

It should be noted that the sequence {sa(t)} can have all the elements the same, e.g. sa(t)=a, where in each new sub-frame a reference symbol “hops” to the same frequency . In this case the different cells might have the different (orthogonal) constant-value T-F sequences. Another possibility is that sa(t)=C , i.e. there is just one constant-value T-F sequence that is common to all cells. In that case the formula (1) defines so-called TDM pilots [4].

The sets of the T-F patterns can be divided into the orthogonal subsets, which can be deployed in multiple antenna transmission (MIMO) systems. Each of the orthogonal T-F patterns can be allocated for the transmissions from the different transmit antennas at the same base station (or user equipment). The other subset of orthogonal T-F patterns, but from the same set of patterns with limited mutual interference, can be allocated for the MIMO transmissions from different antennas at the other base stations. In that way it is ensured that even MIMO transmissions from the different asynchronous base stations would introduce limited and pre-determined mutual interference in the system.

3 Monte-Carlo Simulations
3.1 Simulation Setup

The three proposals for time-frequency positioning of the DL reference symbols are evaluated, all for M=6:

- Different cells have the different near-orthogonal T-F positioning patterns for reference symbols, denoted by ‘FH-DP’;
- Different cells have the same T-F positioning patterns for reference symbols, while the reference symbols are modulated by the elements of a cell-specific pseudo-random scrambling code [4]. This solution is denoted by ‘TDM-SP’;
- Different cells have different orthogonal T-F positioning patterns for reference symbols, such that frequency position is constant over the sub-frames, but is different in different patterns. This solution is denoted by ‘TDM-DP’. In this case, very limited number T-F positioning patterns exists available for allocation to different cells, equal to M=6. This number is actually reduced by half if MIMO transmission with 2 antennas is taken into account, because it is agreed that FDM is assumed to be used for multiplexing reference symbols from different antennas.
To simulate a realistic multi-cell environment, we use a 7-cell model in our simulation. One is serving cell and the other 6 cells are interfering cells. The signal powers from all the interfering cells are assumed to be equal. In the serving cell the load is always 100%, while in the interfering cells the loads can have the two values: 100%, 50%. For lower loads of 50%, the data in each cell is mapped on the orthogonal T-F patterns randomly. (The total interference power is the same for 100% and 50% interference loads, so for 50% interference load the strength of each interference signal becomes higher.)
Tables 1 and 2 contain the T-F sequences that are used in different cells (7-cell simulation model) for the generation of the two-dimensional FH pilot patterns. These sequences are obtained by the construction method A from [3], Q=7 and k=1. (As the simulations are performed for the synchronous system, it is allowed that the T-F sequences in different cells might be the cyclic time shifted versions of each other.) Table 3 contains the T-F sequences that are used in different cells for ‘TDM-DP’ solution in the case of 2 Tx antenna. 
The T-F sequences in the case of 2 transmit antennas are grouped into the pairs of orthogonal sequences, so that orthogonal FH sequences are used for the concurrent transmissions from two antennas in each cell. The TDM-SP pilot patterns for two transmit antennas are frequency multiplexed, i.e. interlaced in the same OFDM symbols.
Table 1: T-F sequences for one transmit antenna in the case of  “FH-DP”
	Cell ID=a
	{sa(t)}

	1
	{0 1 2 3 4 5}

	2
	{1 2 3 4 5 0}

	3
	{2 3 4 5 0 1}

	4
	{3 4 5 0 1 2}

	5
	{4 5 0 1 2 3}

	6
	{5 0 1 2 3 4 }

	7
	{0 2 4 1 3 5}


Table 2: T-F sequences for two transmit antennas in the case of “FH-DP”
	Cell ID=a
	{sa(t)}

	
	Antenna 1
	Antenna 2

	1
	{0 1 2 3 4 5}
	{ 3 4 5 0 1 2}

	2
	{1 2 3 4 5 0}
	{ 4 5 0 1 2 3}

	3
	{2 3 4 5 0 1 }
	{5 0 1 2 3 4}

	4
	{2 4 1 3 5 0}
	{5 1 4 0 2 3}

	5
	{4 1 3 5 0 2 }
	{1 4 0 2 3 5 }

	6
	{0 0 0 0 0 0}
	{3 3 3 3 3 3}

	7
	{1 1 1 1 1 1}
	{4 4 4 4 4 4}


Table 3: T-F sequences for two transmit antennas in the case of  “TDM-DP”
	Cell ID=a
	{sa(t)}

	
	Antenna 1
	Antenna 2

	1
	{0 0 0 0 0 0}
	{3 3 3 3 3 3}

	2
	{1 1 1 1 1 1}
	{4 4 4 4 4 4}

	3
	{2 2 2 2 2 2}
	{5 5 5 5 5 5}

	4
	{0 0 0 0 0 0}
	{3 3 3 3 3 3}

	5
	{1 1 1 1 1 1}
	{4 4 4 4 4 4}

	6
	{2 2 2 2 2 2}
	{5 5 5 5 5 5}

	7
	{0 0 0 0 0 0}
	{3 3 3 3 3 3}


The complete list of simulation parameters is given in Table 4. 
Table4: Simulation parameters

	Transmission BW
	5MHz

	Carried frequency
	2GHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	7.68 MHz

	FFT size
	512

	CP Length (μs/samples)
	4.69/36

	Number of occupied sub-carriers
	301 (DC sub-carrier is null.)

	Number of OFDM symbols per TTI
	7

	Transport bit block size (including CRC)
	480

	Channel coding/decoding
	1/2 Turbo code /

Max-Log-MAP decoding with 8 iterations

	Modulation
	QPSK 

	Pilot transmission power 
	10% maximum available total power of base station.

	Ratio of the pilot tone power Pp to the data tone power Pd (follows directly from pilot transmission power)
	1Tx antenna: Pp/Pd=2.22

2 Tx antennas: Pp/Pd=2.1

	Pilot structure
	First and second pilot in each sub-frame as in [5]

	Channel environments
	6-path Typical Urban 30km/h

	Antenna configuration
	1 Tx antenna, 2 Rx antennas (MRC), or 

2 Tx antennas with spatial multiplexing, 2 Rx antennas (MMSE receiver)


3.2 Results

The simulation results, in the form of BLER versus SIR, are shown in Figure 1 to Figure 4. The SIR is defined as the ratio of the average total received power from the serving cell to the average total power received from the interfering cells. 
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Fig. 1. Block error rate as function of SIR, single Tx antenna, 100％ load in interfering cells, 30 kmph.
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Fig. 2. Block error rate as function of SIR, single Tx antenna, 50% load in interfering cells, 30 kmph.
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Fig. 3. Block error rate as function of SIR, 2 Tx antennas, 100% load in interfering cells, 30 kmph.
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Fig. 4. Block error rate as function of SIR, 2 Tx antennas, 50% load in interfering cells, 30 kmph.

The results are summarized in Table 5. 

Table 5: SIR gain of FH pilots over TDM-SP pilots at BLER=0.1
	Single Transmitting Antenna

	
	100% load
	50% load

	TDM-SP
	3.5 dB
	4.7 dB

	FH-DP
	2.3 dB
	2.4 dB

	Gain
	1.2 dB
	2.3 dB

	Two Transmitting Antennas

	TDM-SP/DP
	8.6 dB
	9.05 dB

	FH-DP
	8.2 dB
	8.5 dB

	Gain
	0.4 dB
	0.55 dB


   The simulation results show that the FH-DP provides significant gains in the required SIR compared to TDM-SP, as well as to TDM –DP, for all simulated cell loads and number of Tx antennas. 
4 Conclusions 
With frequency spacing of DL reference symbols of 6 subcarriers the SIR gain obtained in the demodulation of traffic channels in the system using variable positioning of the DL reference symbols from sub-frame to sub-frame is more that 2 dB with 1 transmit antenna and 50% interference load, and more than 0.5dB with 2 transmit antennas and 50% interference load, compared to the systems with fixed frequency positioning of DL reference symbols, including system with cell-specific frequency offsets of time-frequency positions of reference symbols.
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