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1 Introduction

In Evolved UTRA, there are mainly two different approaches to transmit downlink L1/L2 control signaling. One approach is to transmit the L1/L2 control signaling in a FDM way. The benefit of FDM approach is that the required energy for control signaling is spread over the subframe duration, which actually enables the power trading between data and control [1]. Another approach is to transmit the signaling in a TDM way to enable the so-called micro-sleep mode [2]. In [3]
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 \* MERGEFORMAT [4], we have provided simulation results which show that FDM approach has better coverage over TDM approach. 
For FDM approaches, the control signaling could be transmitted subcarrier-wise or RB-wise, with scattering or without scattering. This contribution further evaluates the performance of these FDM options. The investigation of control signaling performance is related to DL reference signal design since subcarrier-wise control signaling transmission typically requires common reference signal while RB-wise control signaling is mostly suitable for dedicated pilot structure.
2 Performance Evaluation
2.1 Simulation Assumptions
Simulation assumptions are listed in Table 1 below.

Table 1 Simulation assumptions

	Parameter
	Explanation/Assumption

	Transmission bandwidth (MHz)
	10

	Sub-frame duration (ms)
	0.5

	TTI length (ms)
	1

	Sampling rate (MHz)
	15.36

	Number of occupied sub-carriers
	601 (including DC sub-carrier)

	Number of CP samples per OFDM symbol
	As specified in TR 25.814: 80 samples per symbol at the first OFDM symbol in one sub-frame, 72 samples per symbol for the remaining OFDM symbols

	Number of OFDM symbols per sub-frame
	7

	DL Channelization
	Distributed

	Antenna Configurations
	1x2, 2x2

	Channel
	TU3

	Tx diversity scheme
	CDD is used when the number of Tx antennas is larger than 1 (Cyclic delay value is set to 128)

	Modulation
	QPSK

	Channel coding
	R=1/3 Convolutional coding with Viterbi decoding

	Channel estimation
	Realistic (linear interpolation in frequency domain, followed by averaging in time domain)

	Rate matching
	R99 Rate Matching.


We simulated the signaling transmission formats given in Table 2 below. The rationale for selecting the signaling payload size of 60 bits is explained in Annex. We have simulated two cases: n=5 and n=10, where n is the number of OFDM symbols used to transmit control signaling in one TTI.
Table 2 Signaling transmission formats

	Modulation
	Signaling Bit Payload 
	Tail bit addition (8 bits)
	R=1/3 Convolutional Encoding
	Rate Matching
	Total Subcarriers
	n
	Subcarriers per OFDM symbol

	QPSK
	60
	68
	204
	200
	100
	5
	20

	
	
	
	
	
	
	10
	10


There are three FDM options evaluated:

· Subcarrier-wise FDM with scattering (denoted as FDM-A hereafter): all the subcarriers used for control signaling are fully scattered in frequency domain in this option, which provides maximum frequency diversity gain.
· Subcarrier-wise FDM without scattering (denoted as FDM-B hereafter): in this option, within one OFDM symbol, the control signaling is transmitted in a subcarrier-wisely distributed way, but control signaling occupies same frequency positions for different OFDM symbols. This option has less frequency diversity gain compared with option FDM-A.
· RB-wise FDM without scattering (denoted as FDM-C hereafter): in this option, within one OFDM symbol, the control signaling is transmitted in a RB-wisely distributed way, but control signaling occupies same frequency positions for different OFDM symbols. FDM-C option is considered for the dedicated pilot structure, which cannot support the subcarrier-wise transmission of control signaling (such as FDM-A and FDM-B discussed above). This option has less frequency diversity gain compared with option FDM-A and FDM-B. For this option, 2 RBs per OFDM symbol are used to transmit control signaling payload of 60 bits (it should be noted that the control signaling only occupies a part of RB.  For example for the payload size of 60 bits and n=10, for each RB, the control signaling uses 5 subcarriers out of 12 subcarriers). 
In the simulation, reference symbols are transmitted in the 1st and 5th OFDM symbols and both the reference symbols are used for channel estimation. The L1/L2 control signaling is transmitted in the 2nd, 3rd, 4th, 6th, and 7th OFDM symbols in the subframe where control signaling is transmitted (for n=5, the first subframe in one TTI is used for control signaling transmission; for n=10, both subframes are used). 
The channelization is illustrated in Figure 1 below for n=10 case (when 2 Tx antennas are used). 
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Figure 1 Control Channel Multiplexing
2.2 Link Simulation Results
Link level performance is shown in Figure 2 and Figure 3 below for n=5 and n=10 cases respectively, where NT denotes the number of Node B transmit antennas. 
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Figure 2 Link performance (n=5)
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Figure 3 Link performance (n=10)
From the simulation results shown above, it can be clearly seen that FDM-A > FDM-B > FDM-C. For the case of n=10, at the operation point of BLER = 0.01, the gain of FDM-A over FDM-B is 0.8 and 1.2 dB for the cases of 1 and 2 TX antennas, respectively. In contrast, FDM-C suffers the loss of frequency diversity significantly compared with FDM-A or FDM-B, and the loss could be as large as 3 dB. This shows that subcarrier-wise FDM is more suitable for control signaling than RB-wise FDM.
3 Conclusion

When comparing the performance of different FDM options, results show that fully scattered FDM option provides performance gain over non-scattered FDM option, and subcarrier-wise FDM has significant gain over RB-wise FDM. Therefore it is proposed to agree on subcarrier-wise distributed FDM transmission for DL L1/L2 control channel. This conclusion also implies that we should keep the current common reference signal structure in consideration of the control signaling performance.
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Annex. Calculation of the DL control signaling payload size 
This section gives some preliminary estimates of DL control signaling overhead. 

For 10 MHz system bandwidth, there are 50 Resource Blocks available. We assume:

· UE ID: 16 bits

· Duration: 2 bits
· Cat. 2: 10 bits = 2 (multi-antenna) + 2(modulation) + 6(payload size)
· Cat. 3: 6 bits = 3(HARQ process number) + 2(redundancy version) + 1(new data indicator)
· Bit-mapping approach is used to indicate resource allocation. To minimize control channel overhead, it is assumed that the allocation granularity is 2 RBs (24 subcarriers) in frequency domain. Therefore, the signaling needed for bit-mapping is 25 bits per UE.
When UE separate coding is assumed, it makes 59 bits in total. Thus, in the simulations, we simply assume 60 bits for the signaling payload size.
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