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1. Introduction

In RAN1 #53bis meeting, we provided in [1] the improved link-level performance of the STBC-II scheme [2,3] based on SC-FDMA systems versus the open-loop transmit antenna selection (OL-TAS) scheme and the ordinary 1x2 maximum ratio combining (MRC) even at high UE velocities.  The STBC-II scheme has good PAPR property while requiring an even number of symbols.  In the current LTE Rel8 system, the last long block is reserved for transmitting sounding reference signals (SRS) every four slots.  Thus the SC-FDMA symbol carrying SRS does not allowed to be paired with the other data symbol to construct STBC-II scheme.  

To address the pairing issue of STBC-II scheme while keeping the good PAPR property, we proposed two solutions and evaluate their performances in this contribution, where non-paired symbols are transmitted without STBC.
2. STBC-II scheme with non-paired symbols
The first solution to address the pairing issue of STBC is illustrated in Fig. 1.  In this solution, the M-point DFT output symbols during each subframe are fixed, i.e., 12 SC-FDMA symbols.  In the case of non-paired symbols for STBC-II scheme, at the thirteenth long block, the last two SC-FDMA symbols, s11 and s12, are transmitted from two transmit antennas in the mode of spatial multiplexing (SM), while the other paired symbols are still transmitted in the mode of STBC-II.  Although the last long block is reserved for sounding reference signals (SRS), the data throughput of the resource block remains in this solution.  However, the introduced co-channel interference by SM leads to the reduced BLER performance, as shown in Section 3.
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Fig. 1
SM for the non-paired symbols
The second solution to address the pairing issue of STBC is illustrated in Fig. 2.  In this solution, the M-point DFT output symbols during each subframe are alterable, i.e., 12 SC-FDMA symbols for paired symbols case and 11 SC-FDMA symbols for non-paired symbols case.  In the case of non-paired symbols, at the thirteenth long block, the last SC-FDMA symbol, s11, is transmitted from two transmit antennas simultaneously, while the other paired symbols are still transmitted in the mode of STBC-II.  In this solution, the diversity gain achieved by STBC is not guaranteed by repeating transmission of the non-paired symbol, s11, from two transmit antennas.  But the received SNR of the non-paired symbol is increased, which compensates the BLER performance loss partially.  However, since one symbol is served for SRS, the data throughput of the resource block is reduced compared to the case of paired symbols.
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Fig. 2
Repeating transmission for the non-paired symbols
3. Link level simulation results of STBC-II scheme with non-paired symbols
In this second, the abovementioned two solutions to address the pairing issue of STBC are evaluated and compared in terms of BLER performance.  The single antenna transmission without transmit antenna selection (i.e., 1x2 MRC) and the STBC-II scheme with paired symbols are also compared as the benchmark.  Throughout the whole paper, the HARQ retransmission is not taken into account and all simulations are conducted for initial transmission.
The simulation parameters and assumptions are listed in Tab. 1.

Tab. 1 Simulation parameters and assumptions 

	Parameters
	Values

	Carrier frequency
	2.0 GHz

	Transmission bandwidth
	10 MHz (FFT size N=1024)

	TTI length
	1.0 ms (i.e., 1 subframe or 2 slots)

	Number of allocated RUs 
	10

	DFT size (M)
	120 (i.e., 10 RUs)

	Cyclic Prefix (CP) length
	4.04μs/62samples x 7

5.08μs/78samples x 1

	Modulation
	QPSK, 16QAM

	Channel coding
	Turbo encoding with rate of 1/2 and 1/3

	Code block size (assuming each code block corresponds to one subframe)
	1440 bits for QPSK+1/2 TC

1920 bits for 16QAM+1/3 TC

2880 bits for 16QAM+1/2 TC

	Subcarrier mapping
	Localized

	Spatial Channel model
	3GPP SCME with fixed parameters [4]

	Scenario
	Urban micro (NLOS)

	Antenna configurations
	2 antennas at UE with half wavelength spacing 

2 antennas at NodeB with four wavelengths spacing

	Velocity
	30kmph

	Channel Estimation
	Perfect channel estimation

	Turbo decoder
	Linear-log-MAP (i.e., MAX-log-MAP plus linear correction function) with 8 iterations

	Definition of SNR
	The total received power per receive antenna to the noise power ratio in frequency domain

	Number of subframes simulated
	10000


The simulation results of 1x2 MRC, 2x2 Paired-STBC and two solutions for Non-paired-STBC are shown in Fig. 3 (a)-(c) for QPSK+1/2TC, 16QAM+1/3TC and 16QAM+1/2TC, respectively.  For fair comparison, the transmit power of the two antennas of STBC has been normalized, that is, the total transmit power of STBC is the same as the transmit power of 1x2 MRC.  The quasi-static property of the channel is assumed in the decoding of STBC.  Thus only simple linear combination operations are involved in the STBC decoder.
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Fig. 3
BLER performances for 1x2 MRC, Paired-STBC and Non-paired-STBC with two solutions for different MCS levels (a) QPSK+1/2 TC, (b) 16QAM+1/3 TC, (c) 16QAM+1/2 TC
From Fig. 3, we can see that the first solution of STBC-II for the pairing issue, i.e., SM for the non-paired symbol, has about 0.6-0.8 dB performance loss at BLER of 0.1, compared to the STBC-II scheme with paired symbols.  The second solution of STBC-II, i.e., repeating transmission for the non-paired symbol has similar BLER performance to the STBC-II scheme with paired symbols.  That is within the practical range of averaged SNR, the increased received SNR of repeating transmission of the non-paired symbol can almost compensate the BLER performance loss due to the reduced diversity gain.
4. Conclusions

In this contribution, two solutions to address the pairing issue of STBC-II scheme are proposed and compared in terms of BLER performance.   The SM-based solution has higher data throughput at a cost of BLER performance loss.  The repeating-transmission-based solution has nearly no BLER performance loss compared to the STBC-II scheme with paired symbols.  Since one long block is occupied by the SRS for the subframes carrying SRS, it is natural that the data throughput is reduced compared to the subframes without carrying SRS.
Although only two solutions are evaluated in this contribution by simulations, other solutions are not excluded such as SFBC, which depends on the definition of multiple access in LTE-Advanced.

The STBC-II scheme for 2 transmit antennas can be extended to 4 transmit antennas by combining with FSTD, as like as the combined SFBC with FSTD for DL OFDM system with 4 transmit antennas in LTE Rel.8.

In view of the fact that the STBC-II scheme can achieve advantageous performance gain and good PAPR property, as well as remarkable performance improvement from frequency hopping as shown in [3], meanwhile the pairing issue of STBC-II could be addressed by some solutions, the STBC-II scheme is recommended as a candidate scheme for LTE-advanced uplink transmit diversity.
5. Text Proposal

We propose to capture the following text in Section 6 of TR 36. 814 [4]:

-----------------------------------Start of text proposal-------------------------------------

The STBC-II for DFT-precoded OFDM can achieve low CM and be well applied together with frequency hopping to achieve additional diversity gain. Meanwhile, its pairing issue could be addressed by special processing to the non-paired symbol.  It should be a candidate scheme for UL in LTE-advanced.
-----------------------------------End of text proposal-------------------------------------
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