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1
Introduction
According to the requirements for LTE-Advanced [1], the system should be able to support mobility with speeds up to 350km/h (or even 500 km/h). Each OFDM (or SC-FDM) symbol duration is about 66.67us, which is fairly short compared to the channel coherence time seen in typical deployments. However, the fading channel can change dramatically with one slot (0.5ms) when the Doppler frequency is high which can be caused by either high UE velocity or high carrier frequency where the LTE-A system is deployed. In LTE Rel-8 downlink, reference signals show up in two OFDM symbols within each slot.  On the other hand, there is only one SC-FDM symbol per slot carrying the DM-RS in Rel-8 uplink (see Fig. 1). A study in [2] shows that the Rel-8 uplink DM-RS is not sufficiently dense in time to support reliable UL operation at higher Doppler frequencies. In order to solve this problem and achieve the requirements specified in [1], in this document, we propose a scheme that allows flexible data and reference multiplexing for LTE-A uplink while preserving the single-carrier waveform, which can be exploited in the following scenarios:

· DM-RS overhead optimization;

· High Doppler frequency;

· Uplink open loop transmit diversity.
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Figure 1. LTE Rel-8 uplink slot format
2
Flexible Multiplexing of Data and Reference
In the following derivation, we will assume that the UE has one transmit antennas and transmits over M tones. Fig. 2 depicts the key blocks for the communication system (LTE-A Uplink):
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Figure 2. Signal Path for LTE-A Uplink

In Fig. 2, the meaning of the notations used is as follows:
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:           a vector of size M containing M symbols ;
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:          M-point DFT of
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:     Discrete-time equivalent channel between the Tx antenna and Rx antenna ;

  
[image: image7.wmf]R

:           Received signal in the frequency domain.

Note that for DM-RS symbol transmission in Rel-8, the M-Point DFT block is not needed since the reference signal is directly generated in frequency domain.

Without loss of generality, we can assume that, after the tone mapping, the used M subcarriers are from subcarrier: 0 to subcarrier: M-1. By defining:
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where L is the number of taps of channel, we can see:
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where W is the M-by-1 noise vector. Now, we can perform M-point IDFT to the frequency domain M-by-1 vector R and we can get:
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where 
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denotes the M-point circular convolution. Defining 
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one can verify that the number of taps with substantial energy in
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 can be approximated as: 
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. Now, let the transmitted signal have the following structure (see also Fig. 3):
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where 
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,  we can now extract two vectors from {r(n),n=0,…,M-1} as follows:
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Figure 3. Time domain signal structure

Careful choices of 
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 for cyclic prefix and 
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where 
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. Now, we can apply DFT to both sides of the above equations and we get:
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where
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 is a pilot sequence, it is clear that we can perform channel estimation basing on equation (7). After that, the data symbols transmitted in other SC-FDM symbols together with the 
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 can be demodulated by utilizing the estimated channel appropriately. Note that since we are only working on the time domain signal vector 
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, the SC-FDM waveform is preserved (see Fig. 2).

Through different choices of the two parameters: 
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 and 
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, clearly we can flexibly achieve different pilot overhead and tradeoff between throughput and channel estimation performance. As an example, at high SNR, we can multiplex data in the Rel-8 RS symbol (symbol 2 in Extended CP case, symbol 3 in Normal CP case, see Fig. 1) so that the pilot overhead can be reduced and the data throughput can be increased (see Fig. 4). In a nutshell, the proposed scheme here allows us to optimize the pilot overhead.
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Figure 4. Pilot overhead reduction

Additionally, this proposed transmission scheme can also be used in the data symbols in Rel-8 (see Fig.1) to improve the channel estimation performance without sacrificing throughput too much, which will be extremely useful in high-Doppler scenarios when the channel varies too much within one slot. Note that the pilot overhead will be about 30%, which is too much, if we simply use another full symbol to send RS in a slot.

3
Simulation Results 

In this section, we simulate the performance of SIMO and OL-Tx Div with the Rel-8 DM-RS structure (see Fig. 1, extended CP case) and the following reference signal format employing the scheme described in last section:
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Figure 5. Slot format with Data & RS multiplexing

The link level simulation parameters are listed as below:

Table 1: Simulation Parameters

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	Data transmission BW
	10 RBs (120 subcarriers)

	Slot format
	Extended CP (6 symbols per slot)

	Channel model
	Typical Urban (6 paths)

	Fading speed
	3km/h, 240km/h

	Antenna configuration
	1x2 for SIMO, 2x2 for OL-TxDiv

	Antenna correlation
	0

	Frequency hopping at slot boundary
	Enabled

	Channel coding
	Turbo code, rate=1/2

	Modulation
	16QAM

	Receiver
	Linear MMSE

	Channel estimation
	Practical


With the common link simulation parameters listed in Table 1, the following table lists the parameters (see Fig. 3) specific to the slot format shown in Fig. 5:

Table 2: Parameters for Data and Reference Multiplexing Symbols

	Cyclic Prefix Length for RS
	5

	Cyclic Postfix Length for RS
	1

	Cyclic Prefix Length for Data
	5

	Cyclic Postfix Length for Data
	1

	RS Length: Q1
	48, 60, 72

	Data Length: Q2
	108 – Q1

	Total RS Symbols
	2 x Q1


3.1
High Doppler SIMO Performance
SIMO performance is shown in Fig. 6. It can be seen that the proposed reference signal structure as shown in Fig. 5 can achieve much better performance than Rel-8 at higher Doppler frequency with the same pilot overhead.
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Figure 6. SIMO performance, Blue curves are with Rel-8 RS structure, Red curves 
are with RS structure in Fig. 5

3.2
Open-Loop Transmit Diversity Performance

As studied in [3, 4, 5], the most promising transmit diversity techniques for LTE-A uplink is STBC with special processing for the orphan symbol, which occurs in every slot in extended CP case. With Rel-8 DM-RS structure, here in the simulations, the orphan symbol employs FSTD for diversity: Tx Ant1 transmits over the first half of the tones and Tx Ant2 transmits over the second half of the tones. Note that in order to maintain the Single-Carrier property at each transmit antenna, two DFT precoding operations with half size are needed.

With the proposed data & reference multiplexing scheme, when the slot format in Fig. 5 is employed, there will be no orphan symbols any more and the STBC paring could be done in the following way:
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Figure 7. STBC pairing.

The FER performance of STBC+FSTD with Rel-8 slot format and STBC with new slot format shown in Fig. 5 at speed 240km/h is shown in Fig. 8. We can see that the proposed reference signal structure can achieve significantly better performance than Rel-8 at high Doppler frequency when delivering the same amount of information bits.
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Figure 8. Uplink Tx Diversity performance at speed 240km/h, Green and Red curves are 
with RS structure in Fig. 5

The FER performance at speed 3km/h is shown in Fig. 9, where we see STBC with the proposed reference structure achieves similar performance as STBC+FSTD with Rel-8 DM-RS structure at this speed.
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Figure 9. Uplink Tx Diversity performance at speed 3km/h, Red curve is with RS structure in Fig. 5

4
Conclusions 

In this contribution, we have proposed a scheme that allows flexibly data and reference multiplexing which preserves the single-carrier waveform and is particularly useful in the following scenarios:

· DM-RS overhead optimization: overhead can be flexibly reduced or increased for performance optimization;

· High Doppler frequency: time density of RS can be flexibly increased while keeping reasonable overhead;

· Uplink open loop transmit diversity: orphan symbol problem can be easily avoided when employing STBC to gain transmit diversity in LTE-A uplink.
Hence, it is proposed to support the flexible multiplexing of data and reference signal described herein for the transmission of PUSCH in LTE-A.

References 

[1]
 3GPP TR 36.913, “Requirements for Further Advancements for E-UTRA”.

[2]
 3GPP R1-084449, “Impact of Higher Carrier Frequencies onto the Uplink of LTE-A,” Texas Instruments.

[3]
 3GPP R1-082817, “STBC-II Scheme with Non-Paired Symbols for LTE-Advanced Uplink Transmit Diversity,” Alcatel Lucent. 

[4]
 3GPP R1-084166, “Discussions on UL 2Tx Transmit Diversity Schemes in LTE-A,” Samsung.

[5]
 3GPP R1-083150, “Consideration on Transmit Diversity for PUSCH in LTE-A,” Nortel



















































PAGE  
7/7

_1282728633.unknown

_1292591358.unknown

_1292591714.unknown

_1292652745.vsd
DATA


DATA


DATA


DM-RS


DATA


DATA


DATA


1 Slot


SC-FDM Symbol


Normal Cyclic Prefix


DATA


DATA


DM-RS


DATA


DATA


DATA


1 Slot


SC-FDM Symbol


Extended Cyclic Prefix



_1292655777.vsd
DATA


DATA


DATA


DATA


DATA


DATA


DATA


1 Slot


DATA


DATA


DM-RS


DATA


DATA


DATA


DATA


1 Slot


SC-FDM Symbol


DM-RS


SC-FDM Symbol


vs



_1292656043.vsd
DATA


DATA


DATA


DATA


1 Slot


SC-FDM Symbol


Extended Cyclic Prefix


DM-RS


DATA


DM-RS


DATA



_1292656169.vsd
DATA


DM-RS


DATA


DATA


DATA


DATA


DM-RS


1 Slot


DATA


STBC Pair


STBC Pair


STBC Pair



_1292652803.vsd
M-Point
DFT


N-Point
IFFT


Tone
Mapping


CP Insertion
P/S


Equiv. Channel


CP Removal
S/P


N-Point
FFT


Receiver
Processing


Tone
De-Mapping



_1292591927.unknown

_1292592790.vsd
Reference
Signal


Data


Cyclic Prefix for RS


Cyclic Postfix for RS


Cyclic Prefix for Data


Cyclic Postfix for Data


Vector of M Time Domain Symbols



_1292591901.unknown

_1292591499.unknown

_1292591662.unknown

_1292591414.unknown

_1282728824.unknown

_1282729038.unknown

_1282729083.unknown

_1282729146.unknown

_1282729254.unknown

_1282729061.unknown

_1282728986.unknown

_1282728721.unknown

_1282728786.unknown

_1282728711.unknown

_1282726653.unknown

_1282728581.unknown

_1282728623.unknown

_1282726665.unknown

_1282728147.unknown

_1282726320.unknown

_1282726583.unknown

_1282677724.unknown

_1282726300.unknown

_1282726052.unknown

_1282675306.unknown

_1282677721.unknown

