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1 Introduction

At last RAN1 meeting, the reference signal structure for E-UTRA DL was extensively discussed. For sub-frame length of 0.5ms, general structure for DL reference signals have been proposed in 25.814 [1]. Based on this, in this document we look into the situation for 0.675ms sub-frame length with 9 OFDM symbols. General structure and more detail issues (such as optimal time positions, frequency spacing of reference signals) are investigated in this document. In the end, we give our text proposal on this topic. 

2 E-UTRA downlink reference signal structure
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Figure 1: E-UTRA TDD frame structure (3:3 UL: DL timeslot split)
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Figure 2: General downlink reference-signal structure within a sub-frame 
(9 OFDM symbols per sub-frame)
2.1 Simulation assumptions
Table 1 Link Level Simulation Parameters

	Sampling rate
	15.36MHz

	Carrier frequency
	2 GHz

	Channel Bandwidth
	10MHz

	Sub-carrier spacing
	15kHz

	FFT size
	1024

	CP length
	112

	Used sub-carriers number
	601

	Modulation
	16QAM

	Coding
	Turbo(1/2)

	CRC length
	16

	One turbo code block
	0.675ms

	OFDM symbols per sub-frame
	9

	Simulation wireless channel
	PB, 3km/h 

TU 120km/h,TU 350km/h

	Max time delay
	3.7μs/ 2.51us/ 2.51us

	Number of multi-path
	6

	Transmitter antenna
	1

	Receiver antenna
	1


Table 1 lists the simulation assumptions used and detailed simulation assumptions are listed as follows:

1) The maximum multi-path delay of the wireless channels used in simulation is 3.7us (PB), meaning coherent bandwidth is about 18 sub-carrier spaces, so 1/2, 1/4, 1/10 and 1/18 frequency domain density of reference symbols are considered. 

2) The primary reference symbol number is located at 1st or 2nd OFDM symbol, and the secondary reference symbol number is located at 6th to 9th OFDM symbol. 

3) Power of two reference symbols is the same.

4) Simulation of TDM reference signal structure is also carried out for comparison. For TDM structure, reference symbol is located in the 2nd OFDM symbol of a sub-frame; frequency domain density is twice of the corresponding scattered structure.

5) Channel estimation: for scattered structure, one-dimensional frequency domain interpolation in reference symbols followed by one-dimensional intra-sub-frame interpolation; for TDM structure, one-dimensional frequency domain interpolation in reference symbol followed by one-dimensional inter-sub-frame interpolation (sub-frame 1~sub-frame 6) or intra-sub-frame replication (sub-frame 0)

2.2 Numerical results and analysis:
In the simulation cases of this section, we investigate the following issues:

· The applicability of general structure in 0.675ms sub-frame structure.

· Reference signal density in frequency domain. 

· Reference symbol positions in time domain.

· In case of two reference symbols within one sub-frame, frequency domain staggered V.S aligned.
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Figure 3: Scattered structure vs. TDM structure 
(PB 3kmh, TU 120kmh and TU 350kmh channel)

Simulation results of reference symbols in the 2nd and the 8th OFDM symbols of a sub-frame with frequency domain density 1/4, as well as the TDM reference signal structure of reference symbol in the 2nd OFDM symbol of a sub-frame and 1/2 frequency domain density, are given in Figure 3 in PB 3khm channel, TU channel with vehicle speed 120kmh and 350kmh. And the BLER performance by ideal channel estimation in PB 3kmh channel is provided.
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Figure 4: various frequency domain density of reference signals 
(PB 3kmh channel) 
From Figure 4 it can be seen that the four-sub-carrier spacing between neighbouring pilot sub-carriers can be the best choice to balance the conflicting requirement of channel estimation accuracy and the pilot overhead limitation.
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Figure 5: Various time domain positions of reference symbols 

(TU 350kmh channel)
Figure 5 shows the best time domain position of reference symbols to support high vehicle speed channel condition should be that the primary reference symbol in the 2nd OFDM symbol and the secondary reference symbol in the 8th OFDM symbol of a sub-frame. Also it can be observed that for high vehicle speed channel, system performance greatly degrades despite time domain inter-sub-frame interpolation available in TDM reference signal structure case.
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Figure 6: Frequency-domain staggered vs. aligned

(PB 3kmh channel)
It can be observed from Figure 6 that in our case put the secondary reference symbol aligned with the primary one in frequency domain get quite similar performance compared with placing them staggered.
3 Conclusions
For co-existence with UTRA LCR TDD, frame structure with 0.675ms sub-frame length was agreed to be supported in LTE TDD. Basis on the current designs in TR25.814, we look for reference signal designs for mentioned frame structure. From simulation cases and results in this document, we draw our conclusions as follows:

1. Current general DL reference signal structure in TR 25.814[1] is applicable to the 0.675ms sub-frame with 9 OFDM symbols.

2. The frequency domain density of reference symbols can be less than one in every four sub-carriers.

3. In case of two reference symbols per sub-frame, preferred positions are the 2nd OFDM symbol and the 8th OFDM symbol.

Reference
[1] 3GPP, TR 25.814, V1.0.1 (2005-11), “Technical Specification Group Radio Access Network; Physical Layer Aspects for Evolved UTRA”.
[2] 3GPP, TR 25.223, V6.1.0 (2005-12), “Technical Specification Group Radio Access Network; Spreading and modulation (TDD)”.
------------------------------------------- Start of 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

The basic downlink reference-signal structure, consisting of known reference symbols, is illustrated in Figure 7.1.1.2.2-1.
Reference symbols (a.k.a. ”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 be located in a second OFDM symbol of the sub-frame.
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Figure 7.1.1.2.2-1. Basic downlink reference-signal structure (figure assumes 7 OFDM symbols per sub frame)
For frame structure of table 7.1.1-2 with 9 OFDM symbols per sub frame, downlink reference-signal structure is illustrated as follows:

Reference symbols (a.k.a. ”First reference symbols”) are located in the second OFDM symbol of a sub-frame.
Additional reference symbols (a.k.a. ”Second reference symbols”) may be located in the eighth OFDM symbol of the sub-frame.

Frequency-domain reference-symbol density is 25%.
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Figure 7.1.1.2.2-2. Basic downlink reference-signal structure (figure assumes 9 OFDM symbols per sub frame)
The position (in the frequency domain) of the reference symbols (first reference symbols as well as second reference symbols) may vary from sub-frame to sub-frame and between cells.
The first reference symbols are transmitted in every downlink sub-frame from one or multiple TX antennas.
It is still FFS if the second reference symbols are selectively transmitted or transmitted in every downlink sub-frame.

…
------------------------------------------- End of Text Proposal -------------------------------------------
Note: The paper is based on the work in Beijing University of Post and Telecommunications, China
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