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1
Introduction
In this document, we analyze the structure of UL reference signals in three distinct scenarios:
· Pilot structure for LFDM waveform

· Pilot structure for IFDM waveform
· Pilot structure with spatial multiplexing
2
Discussion and Analysis
2.1
Simulation Setup

In this document, we will frequently refer to different sets of simulations. The sub-frame numerology is the same as in TR 25.814 for 5 MHz. The MCS for all link simulations are shown in Tables 1 and 2.

	Modulation
	TB Size
	Number of data tones per symbol
	Code Rate

	QPSK
	300
	50
	0.50

	16-QAM
	600
	
	0.50


Table 1
Allocation = 750 KHz
	Modulation
	TB Size
	Number of data tones per symbol
	Code Rate

	QPSK
	600
	100
	0.50

	16-QAM
	1200
	
	0.50


Table 2
Allocation = 1500 KHz
2.2
LFDM Waveform
As justified by analysis and proposed in [1], we propose to use LFDM waveform as the baseline and the only waveform for uplink data transmission. 

We compared the link performance with two pilot structures:
· Orthogonal FDM pilot with same BW span as data

· Hybrid CDM-FDM pilot

· CDM pilot spans entire BW in 1st SB

· FDM pilot spans same BW as data in 2nd SB
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Figure 1

LFDM Data – FDM Pilot
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Figure 2

LFDM Data – Hybrid CDM/FDM Pilot
The results are shown in Figures 3 and 4. It is seen that the link performance with a FDM pilot is always better. 
As expected, the performance gap increases, as the data occupied bandwidth decreases. Even with a 750 KHz transmission, the performance with a FDM pilot outperforms that with a hybrid pilot 1 dB. With a minimum allocation spanning 180 KHz or 90 KHz as suggested in [2], the gap is expected to widen further.
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Figure 3

LFDM – FDM vs. Hybrid Pilot – QPSK – Rate 1/2
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Figure 4

LFDM – FDM vs. Hybrid Pilot – 16-QAM – Rate 1/2
2.3
IFDM Waveform

As stated earlier, we do not propose to use IFDM for UL data transmission. Instead, we propose to use it for control signaling only. However, for the sake of simplicity, the performance comparison with different pilot structures is done assuming turbo coded data.
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Figure 5

IFDM Data – FDM Pilot
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Figure 6

IFDM Data – Hybrid Pilot

The results are shown in Figures 7 and 8. The conclusions are the same as what we observed with LFDM pilot, namely that the link performance with a FDM pilot is always better. 
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Figure 7

IFDM – FDM vs. Hybrid Pilot – QPSK – Rate 1/2
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Figure 8

IFDM – FDM vs. Hybrid Pilot – 16-QAM – Rate 1/2

2.4
Spatial Multiplexing

Spatial multiplexing applies to data transmissions only and in accordance with what was stated in section 2.2, it applies to LFDM waveform based data transmission from our viewpoint.
Spatial multiplexing could refer to either SDMA or SU-MIMO. In both cases, the choice of CDM vs. FDM pilot structure depends on the receiver architecture.

2.4.1
SDMA
With SDMA, the Node-B receiver architecture has an influence on the pilot design:

· Linear receiver

· Inter-user stream interference suppressed by linear MMSE receiver

· Node-B relies on spatial separation or random hopping to minimize inter-user interference
· Non-linear receiver

· Inter-user stream interference successively cancelled (SIC)
· Node-B need not rely on spatial separation or random hopping

In both cases, the pilot is used for MMSE weight construction. In case of SIC, the MMSE weights are updated as each cancelled stream is successively subtracted from the subsequent streams.

2.4.2
SU-MIMO

In case of SU-MIMO, the presence of other users does not affect the Rx pilot SNR. 

· Linear receiver

· Intra-user stream interference suppressed by linear MMSE receiver

· Non-linear receiver

· Intra-user stream interference successively cancelled (SIC)

Again, in both cases, the pilot is used for MMSE weight construction. In case of SIC, the MMSE weights are updated as each cancelled stream is successively subtracted from the subsequent streams.
2.4.3
Pilot Structure for Spatial Multiplexing
Based on our analysis in section 2.2, we propose that:

· Pilot signal bandwidth should equal the data bandwidth when UL spatial multiplexing is used

Given that the pilot spans the same bandwidth as data, the exact choice of orthogonal FDM vs. CDM (cyclic shifts of same Chu sequence) needs further investigation.

3
Proposal
In summary, we propose to adopt the following for E-UTRA and capture as text in PHY stage 2 level TR:
· Pilot structure for LFDM waveform

· Orthogonal FDM in 1st and 2nd SB

· Pilot spans same BW as data

· Pilot structure for IFDM waveform (not used for UL data)
· Orthogonal FDM structure
· Pilot structure with spatial multiplexing

· Pilot spans same BW as data
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