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1 Introduction

In Evolved UTRA, open loop transmit diversity schemes are considered for both downlink control channel as well as downlink unicast traffic. Currently in TR 25.814, the considered open loop transmit diversity schemes include space time/frequency block codes, cyclic delay diversity, and combined space time/frequency block codes and cyclic shift diversity. To avoid the complexity of supporting several open loop transmit diversity schemes simultaneously in LTE, it is desirable to select one open loop transmit diversity scheme in consideration of performance, complexity and other aspects e.g. resource allocation flexibility. In previous RAN1 meetings, there were already a few contributions to address this issue [1-2].
In this document, we present link level simulation results to compare the performance of open loop transmit diversity schemes for both 2 and 4 transmit antennas when assuming UE has 2 receiver antennas. 
2 Performance Evaluation
2.1 Simulation Assumptions
The following transmit diversity schemes are evaluated in this contribution:

· Space Time Block Codes
· For 2 transmit antennas, classical Alamouti codes ([3]) are used.
· For 4 transmit antennas, Quasi-Orthogonal Space Time Block Codes ([4]) are used.
· NOTE: for simplicity, we will use the acronym STBC to denote either STBC or SFBC in this contribution.
· Cyclic Shift Diversity [1]

 REF Ref_Samsung \h 
 \* MERGEFORMAT [5]
· The number of cyclic delay samples is 64, which implies that for 4 Tx antenna case, the cyclic delay value is 64, 128, 192 for antenna#2, #3, and #4, respectively. 

· Combined Space Time Block Codes/Cyclic Shift Diversity [2]
· The number of cyclic delay samples is 64.

Simulation assumptions are listed in Table 1 below.
Table 1 Simulation assumptions

	Parameter
	Explanation/Assumption

	Transmission bandwidth (MHz)
	5

	Sub-frame duration (ms)
	0.5

	Sampling rate (MHz)
	7.68

	Number of occupied sub-carriers
	301 (including DC sub-carrier)

	Number of CP samples per OFDM symbol
	As specified in TR 25.814: 40 samples per symbol at the first OFDM symbol in one sub-frame, 36 samples per symbol for the remaining OFDM symbols

	Number of OFDM symbols per sub-frame
	7

	DL Channelization
	Distributed

	Number of Rx antennas
	2

	Channel
	TU30, Flat30

	Modulation
	QPSK, 16QAM

	Channel coding
	R=1/3 WCDMA Turbo coding, Max-LOG-MAP decoding algorithm is used with 8 iterations.

	Channel estimation
	Ideal 

	MCS levels
	As specified in Table 2.

	Rate matching
	Rel-5 HS-DSCH Rate Matching.

	HARQ
	OFF


MCS levels could be found in Table 2 below. 

Table 2 MCS table
	Modulation
	Code Rate
	Information Bit Payload
	24-bit CRC Addition
	R=1/3 Turbo Encoding
	Rate Matching

	QPSK
	1/3
	400
	424
	1284
	1200

	QPSK
	2/3
	800
	824
	2484
	1200

	16QAM
	1/3
	800
	824
	2484
	2400

	16QAM
	2/3
	1600
	1624
	4884
	2400


2.2 Link Simulation Results
Simulation results are shown from Figure 1 to Figure 8 below. For all the simulation results shown below, the abscissa is 
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per Rx antenna. This means that for configurations with 
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 Tx antennas, the transmit power for each antenna is 
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 of that in 1 Tx antenna configuration.
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Figure 1 QPSK, Code Rate 1/3, TU30
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Figure 2 QPSK, Code Rate 1/3, Flat30
[image: image6.emf]0 1 2 3 4 5 6

10

-3

10

-2

10

-1

10

0

QPSK, Code Rate 2/3, TU30

Eb/N0 per Rx antenna (dB)

BLER

N

T

=1

N

T

=2 STBC

N

T

=2 CSD

N

T

=4 QOSTBC

N

T

=4 CSD

N

T

=4 STBC/CSD


Figure 3 QPSK, Code Rate 2/3, TU30
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Figure 4 QPSK, Code Rate 2/3, Flat30
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Figure 5 16QAM, Code Rate 1/3, TU30
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Figure 6 16QAM, Code Rate 1/3, Flat30
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Figure 7 16QAM, Code Rate 2/3, TU30
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Figure 8 16QAM, Code Rate 2/3, Flat30
The above simulation results can be summarized as below:
· When a strong coding is used (e.g. code rate = 1/3), CSD only have a slightly degraded performance compared to pure STBC and the combination of STBC/CSD. It should be noted that typically control signalling employs strong coding, which implies that CSD can have similar performance as pure STBC or the combination of STBC/CSD when used for control signaling.
· When a weak coding is used (e.g. code rate = 2/3), pure STBC and the combination of STBC/CSD have larger gain over CSD. However, weak coding is generally used for data transmission where HARQ is available. It is expected that the performance difference will be smaller if HARQ is considered.
3 Discussion
When selecting the open loop transmit diversity scheme for LTE, following aspects should be considered:
· Performance: as discussed above, the CSD only have a slightly degraded performance compared to pure STBC and the combination of STBC/CSD.
· Complexity: The CSD receiver is simpler compared to that of pure STBC, especially when the number of transmit antennas is larger than two.
· Scalability: CSD can be easily defined for any number of transmit antennas while pure STBC needs special design for each transmit antenna number (e.g. using Alamouti scheme for 2 transmit antennas while using QOSTBC for 4 transmit antennas). The combination of STBC/CSD technique can be easily defined when the number of transmit antennas is even, however imbalance between antenna group will occur if the number of transmit antennas is odd.
· Resource allocation flexibility: Resource allocation for CSD is exactly as flexible as one transmit antenna case. In contrary, pure STBC requires that the resource should be paired either in time or frequency domain, which places restrictions when the number of transmit antennas is large. The combination of STBC/CSD scheme has the same limitation for resource allocation as Alamouti coding. 
4 Conclusion

In this contribution we have evaluated the link level performance of several open loop transmit diversity schemes. We note that CSD has marginal link performance loss compared with STBC while it has the desirable properties of low complexity, good scalability and flexible resource allocation.
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