3GPP TSG RAN WG1#55




 





                 R1-084348
Prague, Czech Republic, November 10-14, 2008
Agenda Item:
11.2
Source:
Huawei
Title:
Analysis of UL TX Diversity schemes for OFDM and SC-FDMA
Document for:
Discussion and Decision
1 Introduction

In this contribution, we analyze the link performance and cubic metric of several candidate TX diversity schemes for the OFDM and SC-FDMA uplink multiple access (MA) schemes assuming a single carrier. Some criterions for selecting TX diversity candidate schemes for SC-FDMA were expressed in [8]. The selected schemes are
· CDD [1-2][4-5]
· Modified SFBC [3] and Modified SFBC+FSTD [6],[8]
· FSTD [4-5]
They all fulfill the single carrier property if carrier aggregation is not used. Furthermore, these schemes avoid the pairing problem (see [8]) and are therefore viable candidates for the 2 TX and 4 TX antenna transmit diversity uplink in LTE-A. 
If OFDM is used as the uplink MA scheme, then SFBC and SFBC+FSTD are viable candidates for the uplink open loop transmit diversity.  These schemes have already demonstrated their superior performance in the LTE work item and were therefore selected as the downlink TX diversity schemes in LTE Rel.8. 

We show by link level simulations and cubic metric analysis that the performance gain of using SFBC in an OFDM uplink over Modified-SFBC in a SC-FDMA uplink is limited to 0.4 dB. Furthermore, there is a large difference in cubic metric between OFDM and SC-FDMA. We can therefore conclude that TX diversity in LTE-A uplink shall be based on DFT-S modulation.
2 Link simulation results
In this section, the link level BLER performance of the TX diversity candidates are compared in a frequency selective channel (Typical Urban) and in a frequency flat channel. The channels from different antennas are fading independently. For more simulator assumptions, see Appendix I.

2.1 2 TX antenna schemes

In this section, the link level BLER performance of Modified-SFBC, CDD and FSTD for SC-FDMA and SFBC for OFDM are compared assuming 2x2 MIMO system setup. The results are given in Figure 1 and 2 and summarized in Table 1 below. 
     
Table 1: The gain of SFBC for OFDM over the SC-FDMA candidate schemes at BLER = 0.01
	Channel Model
	Code rate
	Mod-SFBC (dB)
	CDD (dB)
	FSTD (dB)

	TU
	1/2
	0.4
	0.6
	0.8

	Flat
	1/2
	0.0
	0.7
	0.9


From Table 1, we see that SFBC with OFDM has a 0.4 dB gain over Modified SFBC in the TU channel and no gain in the flat channel. Compared to CDD and FSTD the gain of using OFDM is larger.
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Figure 1 Comparison of 2TX antenna schemes in TU channel. QPSK and Rate 1/2 coding.
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Figure 2 Comparison of 2TX antenna schemes in Flat channel. QPSK and Rate 1/2 coding.
2.2 4 TX antenna schemes

In this section, the link level BLER performance of Modified SFBC+FSTD type I and type II, CDD and FSTD are compared to the SFBC+FSTD which use OFDM. The corresponding encoding matrices are shown for the SC-FDMA schemes in Appendix II. 
The Modified SFBC+FSTD Type I show superior performance over the other three SC-FDMA schemes in all simulated scenarios, see the detailed results in Figure 3 and 4 and the summary in Table 2 below. 
    Table 2: The gain of SFBC+FSTD for OFDM over  SC-FDMA candidate schemes at BLER = 0.01
	Channel Model
	Coding rate
	Modified SFBC+FSTD type I (dB)
	Modified SFBC+FSTD type II (dB)
	CDD

(dB)
	FSTD

(dB)

	TU
	1/2
	0.4
	0.7
	0.8
	0.7

	Flat
	1/2
	0.0
	0.0
	1.0
	0.9


In a flat fading channel, Modified SFBC+FSTD Type I and Type II have equal performance because they obtain the same transmit and frequency diversity gain in this channel. Their performance is the same as for SFBC+FSTD for OFDM. The CDD and FSTD show a larger loss compared to OFDM based SFBC+FSTD than the Modified SFBC+FSTD.
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Figure 3 Comparison of 4TX antenna schemes in TU channel. QPSK and Rate 1/2 coding
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Figure 4 Comparison of 4TX antenna schemes in Flat channel. QPSK and Rate 1/2 coding
3 Cubic metric analysis

The cubic metric was found for the candidate schemes according to the method in [7] and the results (equal for all antennas in the evaluated schemes) are shown in Figure 5 and 6 for 2 TX and 4 TX antenna schemes respectively. Clearly, the OFDM based SFBC scheme has a CM that is about 2.7 dB higher than the CM for the SC-FDMA candidate schemes.
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Figure 5 Cubic metric for 2 TX antenna schemes.
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Figure 6 Cubic metric for 4 TX antenna schemes.
4 Conclusion
The analysis shows that the TX diversity performance gain when switching to an OFDM uplink multiple access scheme with SFBC or SFBC+FSTD is quite small. In fact, it is limited to 0.4 dB in TU channel and shows no gain at all in a flat channel, under the condition that the Modified-SFBC based schemes are selected as the TX diversity scheme for uplink SC-FDMA. 
Furthermore, the cubic metric was evaluated and the difference between OFDM and SC-FDMA (without carrier aggregation) is 2.7 dB. Since TX diversity is important for cell edge users, a low CM of the selected scheme is of great importance.
We therefore propose that DFT-S based schemes are adopted for the uplink open loop TX diversity schemes in LTE-A . Furthermore, based on link simulation results, we suggest that the Modified-SFBC and Modified-SFBC+FSTD are the selected schemes for 2 and 4 TX antennas respectively.
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Appendix I
Simulator assumptions
  Table 2  CM evaluation assumptions
	                System bandwidth 
	          5MHz

	                IFFT size
	          512

	 Number of effective sub-carriers
	          300

	Data bandwidth
	         6RB(72 sub-carriers)

	               Modulation scheme
	         QPSK

	               Resource allocation type
	          localized


                                             Table 3  BLER simulation assumptions  
	Channel bandwidth 
	5MHz

	Sampling frequency 
	7.68MHz

	IFFT size
	512

	Sub-frame size
	1ms

	Data bandwidth
	6RB(72 sub-carriers)

	Channel model
	TU channel
Flat fading channel

Independently fading

	Modulation
	QPSK

	Channel coding
	Turbo code 
coding rate=1/2

	Antenna configuration 
	4 at UE and 2 at eNB
2 at UE and 2 at eNB

	Channel estimation
	ideal

	velocity
	3km/h

	Frequency domain equalization
	LMMSE

	The number of delay samples for CDD
	            128

	The cyclic shift of Modified SFBC+FSTD
	  18


Appendix II
Here follows the encoding matrices for the 4 TX antenna schemes: Modified-SFBC+FSTD type I and II, CDD and FSTD.
Modified SFBC+FSTD type I
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 The constant p is a design parameter representing the cyclic shift. 
Modified SFBC+FSTD type II
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 are defined as in Modified SFBC+FSTD type I above. Hence, only the mapping is different between type I and II.

CDD:
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FSTD:     
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