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1
Introduction
In this document, we will discuss the overhead related to the DL Control Channel (SDCCH). We provide the link performance with realistic channel estimation when TDM transmission is utilized.
2
Simulation Setup
2.1
Slot Format and Numerology
The evaluation is performed using the slot structure outlined in TR 25.814 [1].
	Slot duration
	0.5 ms

	Symbols / Slot
	7

	FFT size
	512

	Tone spacing
	15 KHz

	CP length (Number of symbols)
	36 (6)

40 (1)

	CP duration (Number of symbols)
	4.69 µs (6)

5.21 µs (7)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Total data tones available per LB
	300


Table 1

Evaluation Numerology – Downlink Transmission Structure – 5 MHz
2.2
Waveform Evaluation
The following waveform was evaluated.
	Parameter
	TDM-Interleaved

	Pilot tones
	TDM / FDM

	Data tones
	Interleaved

	TTI
	0.5 ms

	Frequency Hopping (FH)
	No

	Intra-TTI Frequency Diversity
	Yes

	Channel Estimation
	Imperfect


Table 2

Waveform Comparison
2.3
MCS
In this set of simulations, the modulation and number of data tones are kept constant during the simulation run. No re-transmissions are allowed. The Ior/Ioc is varied, while Tx data Ec/Ior is fixed to -7 dB.
	
	Modulation
	TB Size
	Number of data tones per TDM symbol
	Number of TDM symbols used
	Number of pilot tones per TDM symbol
	Number of TDM pilot symbols used
	Code Rate

	TDM-Interleaved
Coherent
	QPSK
	30
	50
	1
	50
	1
	0.3


Table 3

Candidate MCS for Coherent detection

2.4
Miscellaneous Assumptions
The rest of the simulation assumptions are as follows:

· Two Rx antennas

· Interference and noise modeled as bandlimited noise process
· GSM TU channel
· UE speed = 30 kph 
· Interlevead frequency seperation = 60 tones

· Convolutional code

3
Simulation Results
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Figure 1

Performance of SDCCH
Based on the analysis in [2], a tri-state signalling for the UL ACKCH enables operation of the SDCCH at an error rate around 0.01 keeping very low higher layer retransmissions. 

A required bandwidth of 50 tones sets an overhead of 16.66% of the frequency resources (in a 5MHz operation) for each SDCCH.  The overhead that is required to support the UL scheduling channel is of the same order [3].
4
Summary

It is seen that the overhead for the SDCCH needs to be carefully dimensioned. It remains to be seen whether the entire control signaling in downlink – SDCCH, ACKCH and UL assignments (SUACH) can be multiplexed within the first two symbols of the sub-frame. 

For example, for the current dimensioning the following Table summarizes configurations using all the frequency resources of 1 OFDM symbol in the DL: 

	SDCCH
	SUACH
	ACKCH

	5
	0
	0

	0
	5
	0

	3
	2
	0

	2
	1
	16


Note that a Pilot channel overhead of 1/6 is assumed (50 tones in 5MHz bandwidth allocation).

This could be a cause for concern when one considers DL SDMA, UL SDMA, UL SU-MIMO and possibly multiple SDCCH/SUACH re-transmissions on the UL/DL. 
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