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1
Introduction
In this document, we will discuss the downlink scheduling related overhead in uplink. 
In particular, we will study CQICH, which is used to carry DL CQI. 
In this document, we will assume a 8-bit CQICH (intended for MIMO operation and/or frequency selective scheduling) and analyze the link performance.
2
Simulation Setup
2.1
Slot Format and Numerology
The evaluation is performed using the slot structure outlined in TR 25.814.
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Figure 1

Slot Format
	Slot duration
	0.5 ms

	Symbols / Slot
	8

	FFT size
	512 – LB

256 – SB 

	Tone spacing
	15 KHz – LB

30 KHz – SB 

	Flat guard samples (Number of symbols)
	31 (1)

23 (7)

	Flat guard period (Number of symbols)
	4.04 µs (1)

3.00 µs (7)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212 – LB 

106 – SB 

	Total data tones available per LB
	300


Table 1

Evaluation Numerology – TDM Pilot Structure – 5 MHz
2.2
Waveform Evaluation
We evaluate two different kinds of transmissions – TDM and FDM.
A TDM transmission is illustrated in Figure 2, wherein the CQI is transmitted only on one LB during a sub-frame.
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Figure 2

TDM Transmission

	Parameter
	FDM-LFDM 

Coherent
	TDM-LFDM

Coherent
	TDM-IFDM

Coherent

	Pilot tones
	TDM
	TDM
	TDM

	Data tones
	Contiguous
	Contiguous
	Interleaved

	TTI
	0.5 ms
	0.5 ms
	0.5 ms

	Frequency Hopping (FH)
	Yes
	Yes
	No

	Hop period
	1 slot
	1 slot
	None

	Intra-TTI Frequency Diversity
	No
	No
	Yes

	Channel Estimation
	Per hop
	Per hop
	Per slot

	Receiver
	Linear SFE
	Linear SFE
	Linear SFE


Table 2

Waveform Comparison for CQICH
2.3
MCS
In this set of simulations, the TB size, 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 Ec/Ior is fixed to 0 dB.
Since 8-bit CQICH is chosen, we will not evaluate a noncoherent detection using an orthogonal code, since this would constitute a large overhead.
The MCS used for CQICH is shown in Table 3.
	
	Modulation
	TB Size
	Number of Data tones per LB
	Number of LBs used
	Number of pilot tones per SB
	Number of SBs used
	Code Rate

	FDM-LFDM

Coherent
	QPSK
	8
	2
	6
	1
	2
	1/3

	TDM-LFDM

Coherent
	QPSK
	8
	12
	1
	6
	1
	1/3

	TDM-IFDM

Coherent
	QPSK
	8
	12
	1
	12
	1
	1/3


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

· CQICH : Reed-Muller code of size (32, 10)

· Eight coded bits are punctured to obtain a (24, 10) equivelant code
· The last two columns of the generator matrix are not used to obtain a (24,8) code

· Hopping is done circularly:

· period = 5 hops

· frequency seperation between two consecutive hops = 60 tones

3
Simulation Results – CQICH

Figures below illustrate the performance of CQICH with no erasure decoding. 
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Figure 3

Performance of CQICH
4
Summary

We have compared the performance of FDM vs. TDM CQICH. 
TDM-IFDM seems to have the best performance since it has the maximum frequency diversity. However, the pilot overhead is larger for IFDM, since a 30 KHz tone is occupied in the SB for every 15 KHz tone occupied in the LB.

In view of this, TDM-LFDM (spanning 180 KHz) might be a more suitable structure. 

With this structure, and provided that one LB per subframe is dedicated to control, a maximum of 25 CQICH can be transmitted simultaneously in a given sub-frame.
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