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1
Introduction
In this document, we evaluate the performance of downlink control channel (i.e., SDCCH [1]) in support of E-UTRA downlink shared data channel in the 5MHz bandwidth. 
We assume that each downlink control channel is user-specific and needs a payload size of 37 bits, which  includes the information of resource block allocation (9 bits), modulation and coding scheme (8 bits), duration of assignment (1 bit), pre-coding matrix ID (3 bits), and CRC masked by user MAC ID (16 bits). 
In the payload description we assumed at most 2 MIMO layers, 3 sub-bands (1.5MHz), and 12 resource blocks (375 kHz). Furthermore, we assumed synchronous non-adaptive HARQ, thus we did not include HARQ process information, redundancy version, and new data indication bits. See Table 1 for a detailed description of the payload.
	
	bitwidth
	Note

	Resource block (RB) assignment
	9
	3 bits (allocated sub-band map) + 2 bits (starting RB ID in the first sub-band) + 2 bits (ending RB ID in the last sub-band) + 2 bits (spacing of allocated RBs)



	MCS
	8
	5 bits for base layer + 3 bits for an additional layer

The 3 bits range from 0 to 5 for the transmission of two layers, while -1 and -2 indicate the transmission of one layer on virtual antenna 1 and virtual antenna 2



	Duration of assignment
	1
	Persistency of assignment

	Precoding Matrix ID
	3
	Precoding matrix used for the associated shared data channel

	CRC/UE ID
	16
	CRC masked by MAC ID


Table 1
Payload for DL control channel in support of DL shared data channel
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Simulation Assumptions
Table 2 describes the numerology for the link simulation. The transmitter, channel, and receiver configurations are as follows:

· TDM pilots allocated in the 1st and the 4th symbols out of 7 symbols in a slot (Every 6th tone is allocated for pilot.) according to [2]
· Control channel is transmitted only on the 2nd symbol in a TTI and 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 kmph and 350kmph
· 2 Rx antennas
· Channel estimator length – 13 OFDM symbols

	Slot duration
	0.5 ms

	TTI
	0.5 ms

	Symbols / Slot
	7

	FFT size
	512

	Useful tones
	300

	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

	Allocation of pilot tones 
	50 (1st symbol) and 50 (4th symbol)

	Pilot Ec/Ior
	-7.8dB


Table 2

Evaluation Numerology

Table 3 describes the resource allocations assumed in the simulation.  
	Control Symbols / Slot
	1

	Number of allocated tones per symbol
	60

	Data Ec/Ior
	-7dB


Table 3
Resource Allocation
3
Results
Table 4 and Figure 1 show the BLER vs. geometry for 30kmph and 350kmph, respectively. By keeping the error rate in the SDCCH lower than 1% and the misdetection rate of DTX as ACK or NACK in the UL-ACKCH lower than 1% [3], we can keep the probability of unnecessary higher-layer retransmission lower than 10-4. 
	BLER
	30 kmph
	350 kmph

	1%
	-0.8 dB
	1.2 dB


Table 4
Minimum Geometry for a given BLER target
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Figure 1
BLER vs. Geometry
4
Conclusions

In this contribution, we evaluated the BLER performance of the DL control channel for E-UTRA DL shared data channel.
In order to guarantee a satisfactory BLER performance (e.g., 1% BLER) for the cell boundary users (geometry is 0dB or lower) in the 30km/h, we need to allocate at least about 20% of resources in terms of bandwidth and power if SDCCH spans only one symbol in a TTI, which is equivalent to 2.9% of the total available resources in a TTI. In the 350km/h, we need to put much higher power than in the 30km/h (at least by 2dB) for the cell-boundary users.
The results in this contribution are captured in the form of a TP for [2] in [4].
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