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1
Introduction
During the course of standardization of E-UTRA, there have been several proposals for dedicated pilots in downlink for a variety of reasons:

· Partial loading scenarios

· Beamforming

· RB specifc precoding

While the reasons for operation in a dedicated pilot mode might be different in each proposal, from a specification point of view, there is no difference.

In this document, we propose a structure for dedicated pilots in downlink and evaluate the corresponding link performace against a common pilot structure.

2
Dedicated Pilot Structure
DL dedicated pilots (DPICH) are special RS that are embedded within a physical RB. Given that the DL waveform is OFDM, the DPICH and data modulation symbols can be transmitted in the same symbol. This is unlike uplink, wherein RS and data are time multiplexed in separate symbols.

The proposed DPICH structure has the following attributes:

· During acquisition, the mode of operation (DPICH vs. CPICH) is indicated in P-BCH

· It is also indicated in S-BCH for all UEs already in LTE_ACTIVE mode

· CPICH is transmitted in the 1st and 6th subframes of every 10ms radio frame

· In the remaining subframes, CPICH and DPICH are transmitted only if there are any DL transmissions

· In the absence of any DL transmissions, these subframes are DTXed

· In the presence of any DL transmissions

· CPICH is used as a phase reference for ACKCH and PDCCH demodulation

· DPICH (and possibly CPICH) is used as a phase reference for PDSCH demodulation

· The structure is shown in Figure 1
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Figure 1

Dedicated Pilot Structure – Short CP
Each RB consists of 144 tones in a 12x12 grid. The RB contains DPICH and PDSCH tones.

Within each 12x12 grid, we varied the density of the DPICH to analyze the channel estimation performance.

· 12 DPICH tones == 8.33%
· Three candidate structures

· 18 DPICH tones == 12.5%

· Four candidate structures

· 20 DPICH tones == 13.89%
· Two candidate structures

· 24 DPICH tones == 16.66%

· Four candidate structures

All the 13 candidate structures are shown in the Appendix.
3
Link Performance
3.1
Numerology
The link performance is evaluated using the following reference numerology.

	TTI
	1 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


Table 1

Numerology
3.2
Channel Estimation

Channel estimation is done in a localized manner using DPICH only:
· Number of interleaved grids for an encoded TB = 4
· Number of pilot tones per grid = Varied
· 2D MMSE channel estimation per grid
· No interpolation across grids
3.3
Numerology

The rest of the simulation assumptions are outlined below:

· Dual Rx antennas
· Interference and noise modeled as bandlimited noise process

· GSM TU channel – 30 kph 

3.4
MCS Setup
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 Tones per

OFDM symbol
	Data + Pilot Tones 

per TTI
	Data Tones 

per TTI

	QPSK
	504
	48 = 12*4
	576 = 4*12*12
	528 (Np=12)

504 (Np=18)

496 (Np=20)

480 (Np=24)

	
	
	
	
	

	
	
	
	
	

	16-QAM
	1008
	
	
	


Table 2

Candidate MCS
From Table 2, it is seen that the code rate varies as a function of the DPICH overhead. For the 18-tone pilot structure, the code rate is 0.50. The interleaved grid structure (4*12*12) is shown in Figure 2.
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Figure 2

Interleaved Grid Structure – DPICH mode
In the CPICH mode of operation, an interleaved structure has better frequency diversity. Therefore, we compared DPICH mode vs. CPICH mode in the following way:

· CPICH mode

· Tone level interleaved structure

· 50 tones per symbol with a tone spacing of 6

· 10 OFDM symbols

· 500 tones for data
4
Results
In this section, we outline the performance in all scenarios.
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Figure 3

QPSK – TU30 – Np = 12
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Figure 4

QPSK – TU30 – Np=18
[image: image5.jpg]BLER

Tu30

102 i i i i I i

—e— gpsk-np12:30-C
—E— gpsk-np13-u30-A

3 E E] [ 1 2 3 [
Es/Nt Per Antenna (d8)





Figure 5

QPSK – TU30 – Np=12 vs. 18
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Figure 6

QPSK – TU120 – Np=24
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Figure 7

16-QAM – TU120 – Np =18 vs. 20 vs. 24
We observe the following:
· Np=18 structure A performance is the best across all scenarios

· Best tradeoff between channel estimation and code rate

· Minimal loss compared to CPICH (less than 0.5 dB) in case of QPSK
5
Summary

In this document, we have shown that the link performance with DPICH is comparable with the CPICH mode. Further, we have evaluated the performance of DPICH with different kinds of pilot patterns embedded within each RB.
From our viewpoint, a dedicated pilot mode is relevant for the following scenarios:
· Partial loading

· Beamforming

· Precoding

Further, it allows for an efficient narrowband interference estimation algorithm, which is especially useful in partial loading scenarios.

Therefore, we propose to add a dedicated pilot mode for E-UTRA downlink, in addition to the common pilot mode.

Appendix
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