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1
Introduction
In this document, we evaluate the performance of downlink control channel (equivalent of R5 HS-SCCH) for OFDM based E-UTRA downlink and analyze its impact on the DL micro-sleep mode operation discussed in recent RAN1 meetings.
We assume that the downlink control channel needs a payload size of 37 bits, which  includes the information of resource allocation (7 bits), modulation order (1 bit), transmit format (6 bits), HARQ process information (3 bits), redundancy and constellation version (3 bits), new data indication (1 bit), and CRC masked by user ID (16 bits).
2
Simulation Assumptions
Table 1 describes the numerology for the link simulation. The transmitter, channel, and receiver configurations are as follows:

· 2x time-frequency scattered FDM pilot structure

· Pilot and data tones are uniformly spaced across the entire band

· Modulation – QPSK

· Channel coding – Convolutional, K=9

· Payload size – 37 bits

· Bandlimited white interference and noise
· GSM TU channel – 30 kph

· 2 Rx antennas

· Channel estimator length – 8 OFDM symbols (Causal Estimation Filter)
Table 2 describes the resource allocations assumed in the simulation.  Note that Case-I consumes 2% and Case-II consumes 3% of entire bandwidth and power.
	Slot duration
	0.5 ms

	TTI
	0.5 ms

	Symbols / Slot
	7

	FFT size
	512

	Tone spacing
	15 KHz

	Flat guard samples 

(Number of symbols)
	29 (4)

28 (3)

	Flat guard period 

(Number of symbols)
	3.78 µs (4)

3.65 µs (3)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Pilot tones symbol
(FDM)
	25


Table 1

Evaluation Numerology

	
	Case I
	Case II

	Code Rate
	½
	1/3

	Symbols / Slot
	7
	7

	Number of allocated tones per symbol
	6
	9

	Ec/Ior
	-17dB
	-15.23dB

	Bandwidth and Power Allocation
	2%
	3%


Table 2
Resource Allocation
3
Results
Table 3 and Figure 1 show the BLER vs. geometry for Case-I and Case-II, respectively.
	BLER
	Case I (2%)
	Case II (3%)

	0.1%
	4.0dB
	0.8dB

	1%
	1.5dB
	-1.0dB


Table 3
Minimum Geometry for a given BLER target
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Figure 1
BLER vs. Geometry
In order to guarantee a satisfactory BLER performance for the cell boundary users (geometry is 0dB or lower), we need to allocate at least 3% of resources for DL control channel.
4
TDM Pilot and Control Channel Structure 
In recent RAN1 discussions, a TDM pilot structure has been suggested to take a possible advantage of efficient sleep mode (micro-sleep) operation, as depicted in Figure 2. In order to take the full advantage of the sleep mode, the control channel should use only the remaining resources of the OFDM symbol allocated to the pilot channel, which is not promising if multiple transmit antennas are used, or use at most one additional adjacent OFDM symbol. 
In the figure, red and magenta blocks indicate pilot and control channels, respectively. In this TDM control channel structure, all the control information should be located on one out of seven OFDM symbols in a slot. Therefore, according to the simulation results in Section 3, we need to allocate about 21% of power and bandwidth resources of the corresponding OFDM symbol for a single DL control channel. 
For the UE to take advantage of the micro-sleep mode, the following information needs to be transmitted in symbols 0 and 1, in accordance with Figure 2:

· DL control channel (resource grant)

· UL resource grant

· UL ACK/NAK

Considering that we need multiple DL control channels to support multiple users in uplink and downlink, the TDM pilot and control channel structure could have potential issues.
On the other hand, if we allocate more OFDM symbols for control channel, the sleep-mode advantage of TDM pilot structure may diminish.  
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Figure 2
TDM Pilot and Control Channel Structure

5
Conclusions

In this contribution, we evaluated the BLER performance of the DL control channel for OFDMA based E-UTRA downlink.
In order to guarantee a satisfactory BLER performance for the cell boundary users (geometry is 0dB or lower), we need to allocate at least 3% of time-frequency scattered resources, which corresponds to 21% of control resources if a 1 symbol TDM control channel is used.
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