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1
Introduction
In [1][2], we evaluated the options for OFDM unicast downlink common pilot multiplexing structure. 
In this document, we further evaluate the performance of data channel with three distinct pilot structures in medium to high doppler scenarios.

Throughout the document, we assume the reference 5 MHz downlink numerology outlined in TR 25.814.

2
Pilot Structure
In the FDM scenario, the pilot tones are distributed in a 2x scattered structure as shown in Figure 1.
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Figure 1

FDM Pilot – 2x Scattered Structure

In terms of number of dimensions, the pilot overhead is set to 8.33% or 25 tones (shaded red) per symbol. With a 2x scattered structure, the UE can estimate up to 50 taps in time domain. Therefore, the channel can be estimated accurately for 6.5 µs delay spread, without any aliasing.

In the TDM scenario, we define two modes with the pilot tones distributed as shown in Figures 2 and 3.
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Figure 2

TDM Pilot – Mode I
For TDM pilot mode I, the pilot tone overhead is set to 50% or 150 tones (shaded red) per symbol when the pilot tones are present. Since the pilot tones are present in 1 out of 7 symbols per slot, the average bandwidth overhead is 7.14%.
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Figure 3

TDM Pilot – Mode II

For TDM pilot mode II, the pilot overhead is set to 25% or 75 tones (shaded red) per symbol when the pilot tones are present. Since the pilot tones are present in 2 out of 7 symbols, the average bandwidth overhead is 7.14%.

The Tx power of the pilot tones is set such that the effective pilot SNR is the same across the scattered and TDM modes.
3
Simulation Assumptions
3.1
Numerology
The link performance is evaluated using the following reference numerology.
	TTI
	0.5 ms

	Symbols / Slot
	7

	FFT size
	512

	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 per symbol

(when present)
	22 (FDM)

75 (TDM Mode I)

150 (TDM Mode II)


Table 1

Evaluation Numerology
3.2
Channel Estimation

The channel estimation is done based on the pilot tones present in either two slots (120 kph) or one slot (350 kph). The CPICH power and bandwidth overhead for all the modes is shown in Table 2.

	Parameter
	Scattered
	TDM – I 
	TDM – II 

	Tx Power Overhead

(when pilot tones are present)
	10%
	70%
	35%

	Bandwidth Overhead

(when pilot tones are present)
	8.33%
	50%
	25%

	Pilot Es/Nt at C/I = 0 dB
	3.1 dB
	3.8 dB
	3.8 dB


Table 2
CPICH Comparison
3.3
MCS Setup
Since we do not expect to transmit data using 64-QAM in very high Doppler channels, the performance is evaluated with QPSK and 16-QAM.
The TB size, modulation and number of data tones are kept a constant during the simulation run. No re-transmissions are allowed.
	Modulation
	TB Size
	Number of data tones
	Code Rate
	Data Rate

	QPSK
	320
	70
	0.33
	0.64 Mbps

	
	480
	
	0.50
	0.96 Mbps

	16-QAM
	640
	
	0.33
	1.28 Mbps

	
	960
	
	0.50
	1.92 Mbps


Table 3

Candidate MCS
3.4
Miscellaneous Assumptions


The rest of the simulation assumptions are outlined below:

· Dual Rx antenna

· Interference and noise modeled as bandlimited noise process

· GSM TU channel

· UE speed = {120, 350} kph 
4
Results
In Figures 4-11, we compare the BLER vs. C/I per antenna for each scenario. The link loss from ideal channel estimation at 10% BLER is tabulated below. The entries are highlighted when the link loss compared to a scattered pilot is 0.5 dB or greater.
	Modulation
	Code Rate
	Scattered

(dB)
	TDM – I

(dB)
	TDM – II
(dB)

	QPSK
	0.33
	+1.0
	+1.4
	+1.2

	
	0.50
	+0.7
	+1.1
	+1.1

	16-QAM
	0.33
	+0.7
	+1.1
	+0.9

	
	0.50
	+0.3
	+1.3
	+0.8


Table 4
Loss from Ideal Channel Estimation – 120 kph
	Modulation
	Code Rate
	Scattered

(dB)
	TDM – I

(dB)
	TDM – II

(dB)

	QPSK
	0.33
	+2.0
	+3.2
	+2.2

	
	0.50
	+1.4
	+3.8
	+2.0

	16-QAM
	0.33
	+1.1
	> +4.0 dB
	+1.9

	
	0.50
	+1.1
	N/A
	+2.4


Table 5
Loss from Ideal Channel Estimation – 350 kph
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Figure 4

QPSK – Rate 1/3 – 120 kph
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Figure 5

QPSK – Rate 1/3 – 350 kph
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Figure 6

QPSK – Rate 1/2 – 120 kph
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Figure 7

QPSK – Rate 1/2 – 350 kph

[image: image8.jpg]BLER

10

10

10°

16-QAM - Rate 1/3 - TU Channel - 120 kph

—&— Perfect
—<— 2x-FDM
—<— TDM-I

—<— TDM-II

-2

-1

1
C/ per Antenna (dB)




Figure 8

16-QAM – Rate 1/3 – 120 kph
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Figure 9

16-QAM – Rate 1/3 – 350 kph
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Figure 10

16-QAM – Rate 1/2 – 120 kph
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Figure 11

16-QAM – Rate 1/2 – 350 kph
5
Discussion and Proposal
It is seen that the channel estimation losses can be kept minimal with a scattered FDM pilot. 
When pilot tones present in 1 OFDM symbol per slot (TDM Mode I), it leads to severe link degradation at 350 kph and does not allow link closure when higher order modulation is used.
When pilot tones are present in 2 OFDM symbols per slot (TDM Mode II), the link degradation is small for QPSK, but increases when 16-QAM is used.

Across all UE speeds and data modulation order, the use of a scattered pilot offers the best and most robust link performance. Compared to TDM Mode II, the performance with a scattered pilot is 0.2 dB to 1.3 dB better in the scenarios considered in this document.
In the past meetings, it has been proposed that additional pilot tones may be used when high speed UEs are scheduled. However, this leads to additional overhead when data transmission to low/medium and high speed UEs is multiplexed within the same slot. 
The use of a speed dependent common pilot structure is unnecessary when a simpler scattered pilot structure option is available.
Therefore, we propose to use a scattered OFDM pilot structure for E-UTRA downlink evaluation.
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