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1 Introduction
In a 4-Tx LTE system, the reference symbol density for antennas 3 and 4 is half the density for antennas 1 and 2 to limit RS overhead. It was shown that in [1] that exploiting antennas 3 and 4 in a 4-Tx system to carry the control channel information results in 1 to 2 dB improvement. In this contribution, we study the performance of control channel and the effect of channel estimation on its performance.
2 System Description
In a 2-Tx LTE system, the density of reference symbols corresponding to each transmit antenna is one in every six tones in the frequency direction located in the first and the fifth OFDM symbols of each slot. For a 4-Tx LTE system, this density is cut to half for the two extra transmit antennas to save the RS overhead. The working assumption keeps the RS density in the frequency domain while eliminating the RS tones in the fifth OFDM symbol of each slot. Here, we study the effect of channel estimation based on the working assumption RS pattern and an alternative version of it on the performance of control channel. 

According to the working assumptions agreed in Riga meeting, in each TTI, control channel precedes data channel and it needs to be decoded prior to data channel. The sooner the user decodes the control channel, the sooner it can stop buffering the received signal, which might or might not belong to that specific user. This helps the UEs to access and store only their own data and conserve energy. Control channel consists of open loop low-spectral efficiency channel coding and modulation with easy and fast decoding scheme at least for cell-edge users. To investigate the impact of the RS format to the control channel performance, we assume that the control channel occupies only the second or third OFDM symbol in each sub-frame, right after the first set of reference symbols in the first OFDM symbol. We assume that the modulation is QPSK and the channel coding scheme is a rate 1/3 tail-biting binary convolutional code with k=9 (8 memory elements) and coefficients 557, 663 and 711 in octal representation. Simulation results are based on 40-bit control channel codewords occupying 60 tones in five different RBs distributed evenly over the bandwidth. UEs exploit an optimal Viterbi decoder to decode the control channel. 

We consider a downlink wireless communication channel that consists of four transmit (4-Tx) antennas. We assume that the receiver is a UE exploiting two receive antennas. The Combined SFBC/FSTD is considered which has the best performance within single layer 4-Tx schemes. Note that in the code matrix, rows represent different transmit antennas and columns represent different tones separated in frequency as all the control channel tones occupy the same OFDM symbol. 
· 4×2 system
· Combined SFBC/FSTD 
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---(EQ-11)
The equivalent channel equation for this scheme over the two adjacent sub-carriers k to k+3 is:
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Assuming that the channel coefficients do not change very fast over frequency, the equivalent channel is orthogonal and hence, a simple Alamouti decoder performs similar to the optimal receiver. 
3 Simulation Parameters

The following parameters are used to simulate the performance of these schemes, unless otherwise is specified.
· Channel bandwidth = 10 MHz

· Number of total sub-carriers = 601 (including DC)
· TTI size = 2 sub-frames = 1 msec = 14 OFDM symbols

· FFT size = 1024

· Sampling frequency = 15.36 MHz
· Carrier frequency: 2 GHz
· Channel model: uncorrelated TU 3, 120 and 350 km/h
· Cyclic Prefix: 72 samples
· Control Channel assignment: all the tones in the second OFDM symbol of each TTI.
· RS: Scattered reference symbol density of 6 subcarriers as specified by working assumption and an alternative version the same as that described in [2] are shown in Figures 1 and 2 for 4-Tx transmission, respectively. Each row represents an OFDM symbol and each column represents a These Figures show 2 adjacent RBs where the left one is assumed to carry 12 tones of the control channel for one specific UE. For each UE, 5 different RBS across the band carry the control channel. In these two Figures, R1, R2, R3, and R4 represent a RS tone for Transmitters 1, 2, 3 and 4, D represents a data tone or a control channel tone for other UEs, and finally, C represents a control channel tone.
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Figure 1. RS pattern for 4-Tx transmission (Working assumption).
	R1
	D
	D
	R2
	D
	D
	R1
	D
	D
	R2
	D
	D
	R1
	D
	D
	R2
	D
	D
	R1
	D
	D
	R2
	D
	D

	R3
	D
	D
	R4
	D
	D
	R3
	D
	D
	R4
	D
	D
	R3
	D
	D
	R4
	D
	D
	R3
	D
	D
	R4
	D
	D

	C
	C
	C
	C
	C
	C
	C
	C
	C
	C
	C
	C
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	R2
	D
	D
	R1
	D
	D
	R2
	D
	D
	R1
	D
	D
	R2
	D
	D
	R1
	D
	D
	R2
	D
	D
	R1
	D
	D

	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	R1
	D
	D
	R2
	D
	D
	R1
	D
	D
	R2
	D
	D
	R1
	D
	D
	R2
	D
	D
	R1
	D
	D
	R2
	D
	D

	R4
	D
	D
	R3
	D
	D
	R4
	D
	D
	R3
	D
	D
	R4
	D
	D
	R3
	D
	D
	R4
	D
	D
	R3
	D
	D

	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	R2
	D
	D
	R1
	D
	D
	R2
	D
	D
	R1
	D
	D
	R2
	D
	D
	R1
	D
	D
	R2
	D
	D
	R1
	D
	D

	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D


Figure 2. Alternative reference symbol pattern
· Channel estimation: To facilitate fast decoding of the control channel, channel estimation is based on a  Wiener filter de-noising of RSs followed by interpolation, applied on RSs 
· in the first (and second) OFDM symbol of current sub-frame (the first OFDM symbol of the first slot).

· in the first (and second) OFDM symbol of current sub-frame and RSs from the last slot. 
· in all OFDM symbols in the current slot.

· Receiver: MMSE

· Symbol constellation: QPSK
· Channel coding: tail-biting convolutional code, k=9, R=1/3

4 Link Level Simulation Results
The simulation results are illustrated in this section. In the following figures, “one RS” means only the RS in the first OFDM symbol (or the first two OFDM symbols for alternative pattern) are used for channel estimation. We also refer to channel estimation using RS in the first OFDM symbol along with all RS in the previous slot by “previous slot”. In some figures, channel estimation is based on all RS in the current slot (symbols 1, 2 and 5), which is referred to as “current slot”.

4.1 Comparison of different open loop schemes in low speed
Figures 3 and 4 show numerical results for the control channel when it is assigned to the 2nd and 3rd OFDM symbols, respectively. Only WA pattern is studied here. The mobile speed is 3 km/h. In the frequency direction, a Wiener filter of size three RBs is applied for RS de-noising, meaning that each RB relies on reference symbols in the two adjacent RBs for channel estimation. Control channel tones are allocated in five different RBs distributed across the whole frequency band. Since a modulation scheme of QPSK is applied and tail-biting convolutional coding rate is 1/3, the total number of information bits per control channel is 40. In these figures, reference symbols are boosted using the null RS for other Tx antennas in the same OFDM symbol. In other words, in the WA RS pattern, all RSs are boosted by 6 dB in the first OFDM symbol and by 3 dB in the 5th OFDM symbol. 
As the speed is very low, the performance for both control channel assignments is almost the same and the channel estimation performance using “one RS”  is only marginal worse than using “previous slot”.
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Figure 3. BLER performance of control channel allocated in the 2nd OFDM symbol at the speed of 3 km/h
[image: image4.emf]-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

Control Channel, TU 3 km/h, 3rd symbol

 

 

Control Channel, Perfect CSI

Control Channel, WA, 3 km/h, 3rd Symbol, previous slot

Control Channel, WA, 3 km/h, 3rd Symbol, one RS


Figure 4. BLER performance of control channel allocated in the 3rd OFDM symbol at the speed of 3 km/h
4.2 Comparison of different open loop schemes in moderate speed

Figures 5 and 6 show the performance of the same systems as in Figures 3 and 4 except that the mobile speed is 120 km/h. Here, the performance of the system slightly degrades when the control channel is assigned to the 3rd OFDM symbol. As shown in these figures, if channel estimation relies only on the first OFDM symbol in the subframe, the degradation increases to almost 1 dB. Using previous slot for channel estimation improves the performance by about 0.2 dB.
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Figure 5. BLER performance of control channel allocated in the 2nd OFDM symbol at the speed of 120 km/h
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Figure 6. BLER performance of control channel allocated in the 3rd OFDM symbol at the speed of 120 km/h
4.3 Comparison of different open loop schemes in high speed

Figures 7 and 8 show the performance of the same systems as in Figures 3 and 4 except that the speed is 350 km/h. As the speed increases to this high speed, channel aging results in a degradation in the performance when the control channel is located on the third OFDM symbol. This degradation becomes even larger, when only RS in the first OFDM symbol is used for channel estimation. 
When the control channel assignment is in the second OFDM symbol, the WA pattern shows 1.1 dB degradation in the performance, if only RSs in the first OFDM symbol take part in the channel estimation. Using previous slot cuts this degradation to 0.7 dB. 
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Figure 7. BLER performance of control channel allocated in the 2nd OFDM symbol at the speed of 350 km/h
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Figure 8. BLER performance of control channel allocated in the 3rd OFDM symbol at the speed of 350 km/h

4.4 Effect of RS power boosting on the performance

In order to compensate the degradation in very high speed systems when there is no access to reference symbols from the last slot, one may annuls all the data tones in the 1st and 5th OFDM symbols and accumulate their power to the RS tones. In this case, the reference symbols in the working assumption will have 7.7 dB. 
Figure 9 shows the performance of the same system as in Figure 8 except that the aforementioned power boost is applied to the reference symbols. Comparing these results with those of in Figure 8 shows marginal improvement in the performance. This is because the dominant effect is channel aging and boosting the RSs cannot overcome the degradation in the performance.
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Figure 9. Effect of RS power boosting on the BLER performance.
4.5 Using RS in the fifth OFDM symbol at high speed

As mentioned above, at very high speed, channel aging is dominant. The degradation is even higher when there is no access to RSs from previous slot. Here, we study the effect of using reference symbols in the fifth OFDM symbol in order to compensate for channel aging. This improves the quality of channel estimation for antennas 1 and 2. Of course, using the fifth OFDM symbol for channel estimation requires the UE to buffer the received signal for up to the fifth OFDM symbol.
Here, we also study the performance of the system over the alternative WA pattern. In this pattern, the RSs from antennas 3 and 4 are moved to the second OFDM symbol of the slot as shown in Figure 3. This alternative RS pattern improves the quality of channel estimation for antennas 3 and 4 when the control channel is assigned to the third OFDM symbol like shown in Figure 3. It also offers equal RS overhead for OFDM symbols 1, 2 and 5. This new pattern also allows more room for reference symbol hopping.

Figure 10 shows the performance of the three RS patterns, when the control channel is assigned to the third OFDM symbol. Reference symbols from the first, (second) and fifth OFDM symbols are used for channel estimation. Here, no RSs boosting is applied. The Figure also includes results for alternative RS pattern when only RSs from first and second OFDM symbols take part in channel estimation. These results show that with the alternative RS pattern and use of the fifth OFDM symbol, the performance of the control channel can be within 1 dB of that of having perfect CSI at the high speed of 350 km/h. 
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Figure 12. Effect of using reference symbols in the fifth OFDM symbol for channel estimation
5 Performance Comparisons 

The reference symbol patterns studied in this contribution have the same resource overhead with the same pattern for antennas 1 and 2. 
Simulation results provided in this contribution show that a channel estimator based on the RSs in the first OFDM symbol (no latency) provides an acceptable performance except for very high speed (350 km/hr) and control channel allocation in the third OFDM symbol. For this scenario, using the RSs in the fifth OFDM symbol can reduce the performance degradation to about 1.2 dB for WA. The other way to improve the channel estimation for this scenario is to move the RS of Tx3/4 to the second OFDM symbol, referred as alternative RS pattern, which can further reduce the performance degradation to about 0.6 dB.  
6 Conclusion
In this contribution, we studied the performance of different reference symbol patterns and the effect of channel estimation on the control channel. Using the 1st RS symbol of WA to decode control channel in general provide acceptable performance except at very high speed (350 km/hr) and control channel allocated at 3 rd OFDM symbol. In this scenario, the 5th OFDM symbol which contains the 2nd RS symbol should be involved in channel estimation. To further improve the channel estimation performance of control channel, the alternative RS pattern depicted in figure 2, should be considered. 
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