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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 evaluate the performance of DL shared control channel (SCCH) with two distinct pilot structures in 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 per symbol (shaded red). 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.

The control channel tones (shaded magenta) are present only in OFDM symbol #1 of the slot.
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Figure 2

TDM Pilot – 1x Scattered Structure
For TDM pilot, the pilot tone overhead is set to 50% or 150 tones per symbol when the pilot tones are present. Since the pilot tones are present in 1 out of 7 symbols, the 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 pilot 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)
	25 (FDM)

150 (TDM)


Table 1

Evaluation Numerology
3.2
Channel Estimation

The channel estimation is done based on the pilot tones present in one slot. The CPICH power and bandwidth overhead for all the modes is shown in Table 2.

	Parameter
	Scattered
	TDM

	Tx Power Overhead

(when pilot tones are present)
	10%
	70%

	Bandwidth Overhead

(when pilot tones are present)
	8.33%
	50%

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


Table 2

CPICH Comparison

3.3
MCS Setup
The downlink shared control channel (SCCH) needs to be sent with a low order modulation and code rate to ensure high reliability. For instance, in HSDPA, the HS-SCCH is sent using QPSK and at code rates {0.40, 0.46} for parts I and II respectively.
As a candidate structure for SCCH, a rate 1/3 convolutional code is used with uniform puncturing to achieve the desired code rate of 0.375.
	Modulation
	Block Size
	Tail bits
	Number of data tones
	Code Rate

	QPSK
	37
	8
	60
	0.375


Table 3

Candidate SCCH Structure
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 = 350 kph
· SCCH Ec/Ior = -7 dB

· Carrier frequency = 2 GHz
4
Results
In Figure 3, we compare the long term SCCH BLER vs. C/I per antenna when the UE speed is 350 kph.

As expected, it is seen that there is almost no difference in SCCH performance when a scattered pilot or a TDM pilot is used, as long as the TDM pilot symbol is located adjacent to the TDM SCCH symbol.
Further note that the loss from perfect channel knowledge is 1.7 dB at 1% BLER. This is because the operating SNR is very low. With channel sensitive scheduling in the downlink, operating SNR when the UE is scheduled can be higher.
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Figure 3

SCCH – QPSK – Rate 3/8 – 350 kph
5
Summary

It is seen that at high doppler, there is no difference in SCCH performance when a scattered pilot or a TDM pilot is used, as long as the TDM pilot symbol is located adjacent in time to the TDM SCCH symbol.
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