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1
Introduction
In this document, we compare the CQI link performance of localized and interleaved FDM for uplink channel with imperfect channel estimation. Different hopping durations are considered.
2
Simulation Setup
2.1
Slot Format and Numerology
The evaluation is performed using the slot structure outlined in TR 25.814 [1].
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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
The following waveforms were evaluated.
	Parameter
	LFDM – I
	LFDM – II 
	IFDM

	Pilot tones
	TDM
	TDM
	TDM

	Data tones
	Contiguous
	Contiguous
	Interleaved

	TTI
	{0.5, 1.0} ms
	{0.5, 1.0} ms
	{0.5, 1.0} ms

	Frequency Hopping (FH)
	Yes
	Yes
	Yes

	Hop period
	1 slot
	½ slots
	{1, 2} slots

	Intra-TTI Frequency Diversity
	{No, Yes}
	Yes
	Yes

	Channel Estimation
	Per Hop
	Per Hop
	Per Hop

	Receiver
	Linear SFE
	Linear SFE
	Linear SFE


Table 2

Waveform Comparison
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.
	Modulation
	TB Size
	Number of CQI tones per LB
	Number of pilot tones per SB
	Code Rate

	QPSK
	10
	4
	2
	0.2083


Table 3

Candidate MCS – 0.5 ms TTI
Since two pilot tones per SB are used for both LFDM and IFDM, the T/P overhead is kept the same. It should be noted that for IFDM, two groups of two contiguous CQI tones (per LB) are interleaved. Thus, there will be an increase in PAPR for IFDM compared to LFDM schemes investigated here. However, this is not taken into account when link simulations are performed.
	Modulation
	TB Size
	Number of CQI tones per LB
	Number of pilot tones per SB
	Code Rate

	QPSK
	10
	2
	1
	0.2083


Table 4

Candidate MCS – 1.0 ms TTI

For 1.0 ms TTI, the IFDM is essentially the same as LFDM since only one pilot and two consecutive CQI tones are used. We will rename this IFDM as LFDM-III in Subsection 3.2.
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

· Reed-Muller code of size (32, 10). Sixteen coded bits are repeated to obtain a (48, 10) equivelant code.  

· Hopping is done circularly:

· period = 5 hops

· frequency seperation between two consecutive hops = 60 tones

3
Simulation Results

3.1
Results for 0.5 ms TTI
Figure 1 and Tables 5-8 illustrate the performance difference between LFDM-I, LFDM-II and IFDM for 0.5 ms TTI.
[image: image2.jpg]FER

10

10

10

10

I T T T

+[ —e—IFDM (1 slat hop; 0.5 ms )
—&— LFDNH (1 slot hop; 0.5 ms )
+{ —#— LFDMHI (172 slot hop; 0.5 ms )

Es/Nt [dB]





Figure 1

LFDM vs. IFDM (0.5 ms TTI)
The operating point (Es/Nt) for the uplink CQI channel is dictated by the link budget. A certain FER/erasure rate requirement can be obtained by employing the erasure decoder. The tables below provide results for different values of Es/Nt at different erasure rates. The erasure rates of the CQI can be utlized by Node B to perform intra-cell power control, as described in [2].
	Erasure Rate (%)
	Frame Error Rate (%)

	
	LFDM – I

(1 slot per hop)
	LFDM – II

(½ slots per hop)
	IFDM
(1 slot per hop)

	0
	17
	19
	22

	10
	10
	12
	20

	20
	3.5
	4
	7

	40
	0.03
	0.1
	0.4


Table 5

FER comparison --- Es/Nt = -1 dB (0.5 ms TTI)
It can be seen from Table 5 that LFDM-I and LFDM-II yield comparable performance, except for high erasure rate (40 %), where LFDM-I starts to show some improvement over LFDM-II. For all values of erasure rates, LFDM outperforms IFDM. The loss in channel estimation for LFDM-II with half-slot duration hopping is higher than that for LFDM-I while IFDM sees the biggest loss in channel estimation.
	 Erasure Rate (%)
	Frame Error Rate (%)

	
	LFDM – I

(1 slot per hop)
	LFDM – II

(½ slots per hop)
	IFDM
(1 slot per hop)

	0
	6
	4.2
	7

	2
	4
	3
	5

	5
	1.5
	0.8
	3

	10
	0.4
	0.06
	0.8


Table 6

FER comparison --- Es/Nt = 2 dB (0.5 ms TTI)
It can be seen from Table 6 that LFDM-II outperforms LFDM-I and IFDM. LFDM-I performs slightly better than IFDM. The gain in frequency diversity for LFDM-II compensates for its loss in channel estimation. For IFDM, the channel estimation loss is still higher than the gain in frequency diversity.
	Erasure Rate (%)
	Frame Error Rate (%)

	
	LFDM – I

(1 slot per hop)
	LFDM – II

(½ slots per hop
	IFDM
(1 slot per hop)

	0
	3
	1.2
	2.5

	1
	2.5
	0.7
	2

	2
	1
	0.2
	1

	3
	0.8
	0.03
	0.7

	5
	0.1
	<0.01
	0.08


Table 7

FER comparison --- Es/Nt = 4 dB (0.5 ms TTI)
	Erasure Rate (%)
	Frame Error Rate (%)

	
	LFDM – I

(1 slot per hop)
	LFDM – II 

(½ slots per hop)
	IFDM
(1 slot per hop)

	0
	1.3
	0.32
	0.84


Table 8

FER comparison --- Es/Nt = 6 dB (0.5 ms TTI)

Tables 7 and 8 indicate that LFDM-II outperforms LFDM-I and IFDM. IFDM starts to show better performance than LFDM-I due to the improved channel estimation associated with high C/I.
3.2
Results for 1.0 ms TTI
Figure 2 and Tables 9-12 illustrate the performance for 1.0 ms TTI.  It should be noted that only one pilot tone per SB and two CQI tones per LB are used for this TTI duration to make the code rate the same as that for 0.5 ms TTI (code rate =10/48). Consequently, IFDM scheme becomes LFDM. We use the legend LFDM-III for this in the subsequent figure and tables. The purpose of the results below is to compare performance with different hopping durations.
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Figure 2

LFDM vs. IFDM (1.0 ms TTI)

It can be observed by comparing Figures 1 and 2 that the operating point can be significantly reduced if the CQI spans over multiple sub-frames due to increased diversity gains. 
	Erasure Rate (%)
	Frame Error Rate (%)

	
	LFDM – I

(1 slot per hop)
	LFDM – II 

(½ slots per hop)
	LFDM – III 
(2 slot per hop)

	0
	17
	23
	17

	10
	4
	9
	4

	20
	0.5
	4
	0.5

	30
	0.13
	1
	0.13


Table 9

FER comparison --- Es/Nt = -1 dB (1.0 ms TTI)

	Erasure Rate (%)
	Frame Error Rate (%)

	
	LFDM – I

(1 slot per hop)
	LFDM – II 

(½ slots per hop)
	LFDM – III
(2 slots per hop)

	0
	4
	5
	6

	5
	0.7
	1.7
	2

	10
	0.08
	0.35
	0.2


Table 10

FER comparison --- Es/Nt = 2 dB (1.0 ms TTI)

	Erasure Rate (%)
	Frame Error Rate (%)

	
	LFDM – I

(1 slot per hop)
	LFDM – II 

(½ slots per hop)
	LFDM – III
(2 slots per hop)

	0
	1.2
	1
	2.6

	2
	0.15
	0.15
	1.2

	3
	0.02
	0.01
	0.5


Table 11

FER comparison --- Es/Nt = 4 dB (1.0 ms TTI)

	Erasure Rate (%)
	Frame Error Rate (%)

	
	LFDM – I

(1 slot per hop)
	LFDM – II 

(½ slots per hop)
	LFDM – III

(2 slots per hop)

	0
	0.28
	0.14
	1.2


Table 12

FER comparison --- Es/Nt = 6 dB (1.0 ms TTI)

4
Summary

We have compared the performance of FH LFDM and IFDM with different TTI and hopping durarions. The results suggest that LFDMs outperform IFDM in a practical range of FER / erasure rates. Also, it is seen that longer TTI duration offers link improvement.
5
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