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1
Introduction
In [1], we evaluated the options for OFDM unicast downlink common pilot multiplexing structure. Specifically, we compared the data channel performance with a time/frequency scattered pilot (FDM) and a hybrid TDM/FDM pilot wherein the pilot tones are present in two OFDM symbols per slot.

In this document, we continue the evaluation with the following additions:
· Hybrid TDM/FDM modes I and II
· Boosted pilot Ec/Ior
· Increased pilot bandwidth
· Impact of Rx diversity

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

Hybrid Pilot – 1x Scattered Structure – Mode I
For hybrid mode I, the pilot tone overhead is set to 16.66% or 50 tones per symbol when the pilot tones are present. Since the pilot tones are present in 2 out of 7 symbols, the overhead reduces to 4.76%.
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Figure 3

Hybrid Pilot – 1x Scattered Structure – Mode II

For hybrid mode II, the pilot overhead is set to 16.66% or 50 tones per symbol when the pilot tones are present. Since the pilot tones are present in 1 out of 7 symbols, the overhead reduces to 2.38%.

For both hybrid modes, 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.

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)

50 (Hybrid)


Table 1

Evaluation Numerology
3.2
Channel Estimation

In these simulations, the channel estimator is an equal-tap FIR filter spanning 15 OFDM symbols. Even though both FDM and Hybrid pilot structures can estimate up to 50 taps, the estimator length leads to a difference in the pilot SNR:

· FDM Mode
· On an average, there are 7.5 pilot observations of 50 tones over 15 OFDM symbols
· Hybrid Mode I
· On an average, there are 4.29 pilot observations of 50 tones over 15 OFDM symbols

· Hybrid Mode II

· On an average, there are 2.19 pilot observations of 50 tones over 15 OFDM symbols

To account for this difference, the pilot Ec/Ior is set differently for each mode:

· FDM Mode

· Pilot Ec/Ior = -10 dB (10%)
· Hybrid Modes I and II
· Pilot Ec/Ior = -7 dB (20%)
For Hybrid Mode II, the pilot Ec/Ior could be set higher to achieve the same pilot Rx SNR as the other modes. But this has implications on the performance of other channels transmitted in FDM during those symbols. Therefore, we set the maximum common pilot power overhead at 20%.

3.3
Numerology

The rest of the simulation assumptions are outlined below:

· Dual Rx antenna

· Interference and noise modeled as bandlimited noise process

· GSM TU channel – 30 kph 
3.4
MCS Setup
Since the impact of channel estimation is more severe on higher order constellations, we evaluate the performance with 16-QAM and 64-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

	16-QAM
	640
	70
	0.33

	
	960
	
	0.50

	64-QAM
	1440
	
	0.50


Table 2

Candidate MCS
4
Results
In Figures 3-5, we compare the BLER vs. C/I per antenna for each scenario.
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Figure 4

16-QAM – Rate 1/3
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Figure 5

16-QAM – Rate ½
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Figure 6

64-QAM – Rate 1/2
5
Summary

It is seen that the channel estimation losses can be kept minimal (within 0.5 dB) with a continuous FDM pilot. Using an equal-tap FIR channel estimation filter length, the data channel performance with a TDM/FDM hybrid pilot is worse than the performance with a continuous scattered FDM pilot.
· Performance with Hybrid mode II is 1.0 to 1.2 dB worse than with FDM

· Performance with Hybrid mode I is 0.4 dB worse than with FDM
Based on these results, we propose the following:

· Each unicast slot should contain at least two reference symbols 
--------------------------------------------------------- Begin Text Proposal -------------------------------------------------------------
7.1.1.2.2
Downlink reference-signal structure

The downlink reference  signal(s) can be used for at least  

· Downlink-channel-quality measurements

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

Reference symbols (a.k.a. “First reference symbols”) are located in two OFDM symbols of a sub-frame. Some of the first reference symbols are located in the first or second OFDM symbol of a sub-frame. 
Additional reference symbols (a.k.a. ”Second reference symbols”) may also be located in other OFDM symbols of a sub-frame.
The position (in the frequency domain) of the reference symbols (first as well as second reference symbols) may vary from sub-frame to sub-frame.

The first reference symbols are always transmitted from one or multiple TX antennas.

It is currently FFS if the second reference symbols are

· always transmitted,

· selectively transmitted, or

· never transmitted (i.e. there are no second reference symbols)

In the case of selectively transmitted second reference symbols, the transmission of second reference symbols could be based on e.g.

· The possibility for inter-sub-frame interpolation between first reference symbols (second reference symbols e.g. only transmitted when inter-sub-frame interpolation between first reference symbols is not possible, e.g. when some sub-frames are used for Single-Frequency-Network- based broadcast)

· Doppler, in case of common channels the highest anticipated Doppler (second reference symbols only transmitted at high Doppler)

· Scheduling decision (second reference symbols only transmitted in resource blocks being scheduled)

· Selected ”transport format”  (second reference symbols only transmitted e.g. in the case of higher-order modulation)

· Number of TX antennas used for transmission (second reference symbols only transmitted in case of transmission from more than a certain number of TX antennas)

Additional UE-specific reference signals are to be considered for dynamic beam forming

It should be possible to create multiple mutually orthogonal reference signals. 

· To support transmission using multiple TX antennas 

· To allow for orthogonal reference signals between sectors and fixed beams of the same Node B.
Means to have good correlation properties also between reference signals of cells of different Node B should also be considered.
------------------------------------------------------- End Text Proposal -----------------------------------------------------------------
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