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1. Introduction


In this paper, we study the benefits of moving to a 1ms sub-frame on the E-UTRA Uplink with FDM pilots.  The CDM pilot scheme for the 0.5ms TTI suffers from a lack of performance at high-speed[1].  In addition, it is not clear how to support MIMO on the uplink with the current proposed pilot schemes.   Moving to a 1ms TTI greatly simplifies the pilot scheme and provides some flexibility; it reduces overhead and can help address both MIMO and high-speed scenarios.  This paper presents a solution for distributed, localized and SDMA modes.
2. 1ms Sub-Frame Structure and Link Performance 
This section describes the link performance for SC-FDMA and under the following scenario.  The numerology used in this paper is consistent with that of the TR[2] with the exception of the TTI length.  The frame format used is illustrated below. 

[image: image1]
Figure 1. Sub-frame format with three long pilot blocks per sub-frame.
The simulation assumptions are as follows:
LB Samples(FFT Size) = 1024
CP samples = 64
Bandwidth = 10MHz

1 Transmit, 2 receive antennas

One turbo code block per sub-frame
Pilot Channel-  Described in text

Pilot power boost-  0dB

Code rate=  ½ rate turbo code

Channel conditions = GSM Typical Urban  250 kmph.
Overhead=  21% for low-speed, 29% for high-speed.

All repetition factors can be supported in distributed mode.  A repetition factor of eight was used for these simulations, corresponding to a three RB allocation.

2.1.  FDM Long-Block Pilot Format and Data Multiplexing
The pilot format is such that the fourth, eighth and twelfth long blocks are pilot symbols for high-speed users.  Because the pilots are FDM, low speed users can drop the middle pilot symbol and use it for data.  In addition, the low speed users could change the pilot locations in time to improve moderate speed performance.  Very high-speed users could add yet another pilot symbol.  This flexibility is enabled by the long-block pilot format and the fact that the pilots are FDM.  GCL/CAZAC sequences were used for the pilots[1],[3].  
2.1.1.  Localized Mode:

In localized mode, non-MIMO, every pilot position within the bandwidth of the data allocation is occupied with a pilot.  So the data allocation is in complete spectral agreement with the pilot allocation as illustrated in Figure 2.
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Figure 2.  Localized Pilots and Data

2.1.2. Distributed Mode

In distributed mode, again, the data and pilot allocations are in complete spectral agreement with each other.  So, if the user has a repetition factor 4, so does the pilot channel.
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Figure 3.  Distributed Pilots and Data

This technique of pilot multiplexing is very similar to those currently proposed [4],[5],[6] with some notable exceptions.  

2.1.3. SDMA Mode (Localized only):

In SDMA mode, the pilot channel is structured such that every fourth carrier is occupied with a pilot.  In this case every data carrier is occupied by data from up to four users.
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Figure 4.  Data and pilot carriers for SDMA-mode Transmissions.
2.2.   Pilot Performance

The pilot performance is illustrated in Figure 5.  A repetition factor of eight was used for the distributed channels and three resource blocks were used in all cases.   Results are slightly better than the results presented in [4] even though these are at high-speed.
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Figure 5.  High-speed pilot performance.

3.  Conclusions
A pilot multiplexing scheme has been proposed for a 1ms sub-frame.  The pilot scheme offers a flexible pilot allocation method that is in complete agreement spectrally with the data allocation.  Results show that high-speed users can be easily supported using this technique.  In addition, low-speed users can be supported with lower overhead.   The scheme for supporting SDMA is very simple.  In conclusion, we believe that RAN1 should consider using a 1ms sub-frame with FDM pilots.
4. References
[1] 3GPP RAN WG1 #44bis R1060879, “Performance Comparison of Pilot/Reference Signal Structures for E-UTRA Uplink SC-FDMA,” Motorola.

[2] 3GPP TR 25.814 V0.1.1 (2005-05), “Physical Layer Aspects for Evolved UTRA.”
[3] B.M. Popovic, “Generalized Chirp-Like Polyphase Sequences with Optimal Correlation Properties,’  IEEE Transactions on Information Theory, vol. 38, pp. 1406-1409, July 1992.

[4] 3GPP RAN WG1 #45 R1-061176, “EUTRA SC-FDMA Uplink Pilot/Reference Signal Design & TP,” Motorola.
[5] 3GPP RAN WG1 #44 R1-060373, “Performance Comparison of Reference/Pilot Signal Structures for EUTRA Uplink SC-FDMA,” Texas Instruments.

[6] 3GPP RAN WG1 #44bis R1-060784, “Orthogonal Pilot Channel Structure for E-UTRA Uplink,” NTT DoCoMo, Fujitsu, Mitsubishi Electric, NEC, Panasonic, Sharp.
L#1











CP



























































L#2





CP





L#14





CP





L#13





CP





L#12





CP





L#11





CP





L#10





CP





L#9





CP





L#8





CP





L#7





CP





L#6





CP





L#5





CP





L#4





CP





L#3





CP





msec





frame = 1.0 





-





1 sub
































_1212146559.doc

[image: image1]

Pilots







Data







Data







Frequency












_1212220839.doc

[image: image1]

Pilots







Data







Data







Frequency







U1







U2







U3







U4







U4







U3







U2







U1












_1212146112.doc

[image: image1]

Pilots







Data







Data







Frequency












