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1 Introduction
Coverage is a very important desired feature for the control channel, which transmits, for example, the scheduling information for DL data transmission and the scheduling grant for UL transmission. As a result, all users have to be able to decode their corresponding control data before they can decode their own data. This means that node-B needs to exploit an open loop transmit scheme with low spectral efficiency for many users. In RAN1 #47 meeting held in Riga, it was agreed that DL control channel is located in the first n (n<=3) OFDM symbols. In addition, multiple control channels are used to carry the information for each MAC ID. As a result, the information length for each control channel is very short. 

We provided some numerical results for open loop data channel in [1-5] comparing the performance of open loop schemes for LTE. In Malta, it was agreed that Alamouti-based [6] SFBC open loop schemes will be used for control and data channels. In this contribution, we provide further numerical results for 2×2 and 4×2 downlink multi-codeword control channel over TU channel according to the latest working assumptions on control channel and RS structure. 
2 System Description
According to the working assumptions agreed in Riga meeting, in each sub-frame, 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 be allocated to that specific user. This helps the UEs to access and store only their own data and conserve energy. On the other hand, HARQ cannot be applied to the control channel. As a result, control channel consists of open-loop low-spectral efficiency channel coding and modulation with easy and fast decoding scheme for cell-edge users. For this reason, we consider a user whose control channel occupies only the first OFDM symbol in each sub-frame. We assume that the modulation is QPSK and the channel coding scheme is a rate 1/3 tail-biting binary convolutional code with constraint k=7 (6 memory elements) and coefficients 133, 145 and 175 (or equivalently, 554, 624 and 764) in octal representation. Rates 2/3, 1/6, and 1/12 are also possible through puncturing or repetition. Simulation results are based on 48-bit control channel codewords occupying 36, 72, 144 or 288 tones distributed 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 (4-Tx) transmit antennas. We study the performance of control channel when two or all four transmit antennas are utilized for transmission of control channel. We assume that the receiver is a UE exploiting two receive antennas. The following open-loop schemes are considered. Note that in the following matrices, rows represent different transmit antennas and columns represent different tones separated in frequency as all the control channel tones occupy the same OFDM symbol. 
· Using two transmit antennas (UE has two receive antennas)
· Alamouti space-frequency block code, (SFBC, also known as space-frequency transmit diversity, SFTD)
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The equivalent channel equation for this scheme over the two adjacent sub-carriers k and k+1 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.

· Exploiting all transmit antennas
· Combined SFBC/FSTD 
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The equivalent channel equation for this scheme over the two adjacent sub-carriers k to k+3 is:
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Similar to 2-Tx case, 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. Note that SFBC/FSTD achieves diversity order of four through channel coding while keeping a simple structure similar to 2×2 Alamouti codes. 
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, 30, 120 and 350 km/h
· Cyclic Prefix: 72 samples

· RS: Scattered reference symbol density of 6 subcarriers as specified by working assumption as shown in Figure 1 for 4-Tx transmission. This Figure shows two adjacent RBs where the left one is assumed to carry 4 tones of the control channel for one specific UE. For each UE, several different RBs across the band carry the control channel. In these two Figures, T1, T2, T3, and T4 represent a pilot tone for transmit antennas 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: Pilot pattern for 4-Tx transmission
· Control Channel assignment: A total of 9, 18, 36 and 72 groups of 4 REs for coding rates of 2/3, 1/3, 1/6 and 1/12 with the total of 48 information bits for all scenarios. These groups are uniformly distributed over the entire band.
· Channel estimation: based on pilots from the current and the previous slot to facilitate fast decoding of the control channel. 
· Receiver: Alamouti decoder
· Symbol constellation: QPSK
· Channel coding: tail-biting convolutional code, k=7, R=1/3 as the mother code. Repetition or puncturing provides other coding rates of 2/3, 1/6 and 1/12.
4 Link Level Simulation Results
4.1 Performance when transmit power shifting is not allowed
In most LTE systems, each transmit antenna needs to meet its maximum transmit power set by the power amplifier. In such a system, if some transmit antennas are inactive, nodeB is not allowed to shift the power from inactive antennas to active ones. As a result, exploiting only two transmit antennas out of available four results in an inherent 3 dB loss in the performance. Note that in such a system, RS pattern in Figure 1 provides 3 dB of null power stealing. 
Figures 2, 3, 4 and 5 show the performance of control channel in a 4-Tx system when only two transmit antennas are exploited to transmit control channel using SFBC or all four transmit antennas use SFBC/FSTD in order to carry the control channel. It is assumed that power cannot be shifted from antennas 3 and 4 to antennas 1 and 2 in a 2-Tx transmission for SFBC case. As it can be seen from the figure, 4-Tx SFBC/FSTD outperforms 2-Tx SFBC in all coding rates. Channel model in the three Figures are TU 3 km/h, 30 km/h, 120 km/h and 350 km/h. The x-axis in these Figures represents the SNR value of the equivalent SNR in a 4-Tx system with maximum power transmission.
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Figure 2: Control channel performance in TU 3 km/h.
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Figure 3: Control channel performance in TU 30 km/h.
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Figure 4: Control channel performance in TU 120 km/h.
[image: image8.emf]-15 -10 -5 0 5 10

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

LTE , Control Channel, TU 350 km/h, No power shifting

 

 

2



2, Control Channel, QPSK 1/12, Perfect CSI

2



2, Control Channel, QPSK 2/3, Perfect CSI

2



2, Control Channel, QPSK 1/3, Perfect CSI

2



2, Control Channel, QPSK 1/6, Perfect CSI

4



2, Control Channel, QPSK 1/12, Perfect CSI

4



2, Control Channel, QPSK 2/3, Perfect CSI

4



2, Control Channel, QPSK 1/3, Perfect CSI

4



2, Control Channel, QPSK 1/6, Perfect CSI

2



2, Control Channel, QPSK 1/12, TU 350 km/h, Ch Est

2



2, Control Channel, QPSK 2/3, TU 350 km/h, Ch Est

2



2, Control Channel, QPSK 1/3, TU 350 km/h, Ch Est

2



2, Control Channel, QPSK 1/6, TU 350 km/h, Ch Est

4



2, Control Channel, QPSK 1/12, TU 350 km/h, Ch Est

4



2, Control Channel, QPSK 2/3, TU 350 km/h, Ch Est

4



2, Control Channel, QPSK 1/3, TU 350 km/h, Ch Est

4



2, Control Channel, QPSK 1/6, TU 350 km/h, Ch Est


Figure 5: Control channel performance in TU 350 km/h.

4.2 Performance when transmit power shifting is allowed

If power can be shifted from inactive transmit antennas to active ones (for example through virtual antennas), then 2-Tx SFBC can exploit the full transmission power and the 3 dB power loss no longer exists. However, SFBC does not exploit the full transmit diversity in such a system and some loss may occur. Note that in this case, RS pattern in Figure 1 can offer 6 dB null power stealing which results in improved channel estimation for both SFBC and SFBC/FSTD. This phenomenon can be seen comparing Figures in this subsection to Figures in section 4.1.

Figure 6 to 9 show the performance of the same system as in Figures 2 to 5 except that the power is allowed to be shifted over different transmit antennas. As shown in the figure, SFBC/FSTD shows higher diversity and steeper BLER curves with both perfect CSI and estimated channel.
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Figure 6: Control channel performance in TU 3 km/h.
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Figure 7: Control channel performance in TU 30 km/h.
[image: image11.emf]-12 -10 -8 -6 -4 -2 0 2 4 6 8

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

LTE , Control Channel, TU 120 km/h, With power shifting

 

 

2



2, Control Channel, QPSK 1/12, Perfect CSI

2



2, Control Channel, QPSK 2/3, Perfect CSI

2



2, Control Channel, QPSK 1/3, Perfect CSI

2



2, Control Channel, QPSK 1/6, Perfect CSI

4



2, Control Channel, QPSK 1/12, Perfect CSI

4



2, Control Channel, QPSK 2/3, Perfect CSI

4



2, Control Channel, QPSK 1/3, Perfect CSI

4



2, Control Channel, QPSK 1/6, Perfect CSI

2



2, Control Channel, QPSK 1/12, TU 120 km/h, Ch Est

2



2, Control Channel, QPSK 2/3, TU 120 km/h, Ch Est

2



2, Control Channel, QPSK 1/3, TU 120 km/h, Ch Est

2



2, Control Channel, QPSK 1/6, TU 120 km/h, Ch Est

4



2, Control Channel, QPSK 1/12, TU 120 km/h, Ch Est

4



2, Control Channel, QPSK 2/3, TU 120 km/h, Ch Est

4



2, Control Channel, QPSK 1/3, TU 120 km/h, Ch Est

4



2, Control Channel, QPSK 1/6, TU 120 km/h, Ch Est


Figure 8: Control channel performance in TU 120 km/h.
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Figure 9: Control channel performance in TU 350 km/h.
5 Comparisons 

Table 1 summarizes the gain of SFBC/FSTD control channel in perfect channel and with channel estimation in TU 3, 30 and 120 km/h over 2-Tx SFBC. The gains are in dB and at BLER target of 0.01. Note that because of different diversity order, this gain increases as the BLER target decreases.
Table 1: Performance gain of SFBC/FSTD over SFBC in 4-Tx transmit system at BLER target of 0.01
	Coding Rate
	Power shifting not allowed
	Power shifting allowed

	
	Perfect CSI
	Real Channel estimation
	Perfect CSI
	Real Channel estimation

	
	
	3 km/h
	30 km/h
	120 km/h
	350 km/h
	
	3 km/h
	30 kmh
	120 km/h
	350 km/h

	1/12
	3.6
	3.5
	2.7
	2.6
	2.1
	0.6
	0.3
	0.4
	0.3
	0.3

	1/6
	3.8
	2.5
	2.5
	2.5
	2.5
	0.8
	0.4
	0.4
	0.4
	0.3

	1/3
	3.7
	2.9
	2.8
	2.7
	2.5
	0.7
	0.6
	0.5
	0.4
	0.3

	2/3
	3.5
	2.7
	2.9
	2.6
	2.5
	0.5
	0.3
	0.5
	0.3
	0.3


6 Conclusion
The SNR working range of control channel is usually very low and the modulation and code rate set are very low. With low spectral efficiency, transmit diversity has lower impact on the performance. However, using only two transmit antennas in a 4-Tx system to transmit control channel does not exploit full transmit power capability of the system in most scenarios. This inherently implies a 3 dB loss in the performance. 

To avoid the inherent 3 dB loss, nodeB should be able to shift the power from inactive antennas to active ones through using such techniques as virtual antennas, however, this does not give full transmit diversity in the system. On the other hand, introducing virtual antennas would leads to other issues such as CQI measurements etc. 

As shown in this contribution, SFBC/FSTD outperforms 2-Tx SFBC regardless of power shifting is allowed or not. In the latter case, the loss in performance is in the order of 3 dB. Therefore, we recommend adopting SFBC/FSTD as the open-loop transmit diversity scheme for L1/L2 control channel in 4-Tx LTE systems.
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