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1. Introduction

In RAN1 #62 meeting, the following is agreed for transmit diversity of PUCCH format 3;
· TxD for PUCCH format 3

· If TxD is supported for PUCCH format 3

· Alt 1: Alamoutti coding before DFT, one example as shown in R1-104617
· Alt 2: Modified SFBC, one example as shown in R1-104774
· Alt 3: FSTD, one example as shown in R1-104979
· Alt 4: SORTD

· To decide on one of the alternatives in the next meeting

· For performance evaluation, simulation assumptions described in R1-104140 is applicable

This contribution provides the discussion and link level evaluation results based on above agreements.
2. Discussions
2.1 Alt 1: STBC (Space-Time Block Coding) before DFT Precoding [1]

 Space block coding is applied in consecutive virtual subcarriers before DFT precoding while keeping single carrier property. The spatial diversity gain can be obtained by means of space block coding. It requires one orthogonal resource to get spatial diversity gain as long as separate channel estimation for each transmit antenna is possible. This can be easily realized by applying OCC on top of RS symbols [4]. STBC is illustrated in Figure 1.
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Figure 1 Alt 1: STBC (captured from [1])
However, there are two major drawbacks with STBC. The first is ISI (Inter-Symbol Interference) effect in frequency selective channel since it basically relies on time-domain detection after 12-point IDFT processing at receiver. The other is it has more complexity than other alternatives since twice 12-point DFT/IDFT precoding operations for each antenna port at both transmitter and receiver.
2.2 Alt 2: SC-SFBC (Single Carrier Space-Frequency Block Coding) [2]

Space block coding is applied in frequency domain. In order to keep low CM, the reverse, conjugate, sign alternation and half-frequency shift were applied [6]. In this sense, it has been called SC-SFBC (Single Carrier SFBC). It also requires one orthogonal resource to get spatial diversity gain as long as separate channel estimation for each transmit antenna is possible. This can be easily realized by applying OCC on top of RS symbols [4]. It requires only one DFT/IDFT operation in A/N decoding.
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Figure 2 Alt 2: SC-SFBC (only antenna port 1 is shown)
2.3 Alt 3: FSTD (Frequency Switched Transmit Diversity) [3]

 The modulation symbols are transmitted on different antenna ports in frequency domain. It is illustrated in Figure 3. By using this, the channel coding gain can be converted into spatial diversity gain in antenna permutation manner. It also requires one orthogonal resource to get spatial diversity gain as long as separate channel estimation for each transmit antenna is possible. This can be easily realized by applying OCC on top of RS symbols [4].
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Figure 3 FSTD (captured from [3])
However, one major dispute would be it requires 6-point DFT operation for each antenna. Since there has been no use case of 6-point DFT operation in Rel-8/9, FSTD would actually introduce a new DFT function block in Rel-10. Secondly, it is well known that FSTD is vulnerable in high correlated Tx antenna configuration or in AGI (Antenna Gain Imbalancing) in high coding rate.
2.4 Alt 4: SORTD (Spatial Orthogonal Resource Transmit Diversity)
The same physical symbols are transmitted on different orthogonal resource for each antenna. Needless to say, it has minimum specification impact and the best performance is anticipated. The only drawback would be resource overhead since two orthogonal resources are necessary for that.
3. Simulation Results
The basic simulation assumptions are shown in Annex A. We compare the A/N performances for above candidates. The required SNR is calculated such that Pr(D->A)=1%, Pr(A->N/D)=1%, and Pr(N->A)=0.1%. Two orthogonal resources were used for RS symbols to estimate channels from each antenna. One orthogonal resource was used on data symbols for STBC, SFBC, and FSTD while two orthogonal resources on data symbols for SORTD. In Annex B, we provided the link level simulation results.
Figure 4 to Figure 7 show the required SNR such that Pr(D->A)=1%, Pr(A->N/D)=1%, and Pr(N->A)=0.1%. These are also tabulated from Table 1 to Table 4. From the simulation results, it is found that;
· SORTD generally outperforms other alternatives in most of A/N bit ranges and in most scenarios with expense of two orthogonal resources. The maximum SNR gain over 1 Tx in ETU 3km/h without AGI is 2.43dB in 10 A/N bits.
· FSTD also show the good A/N performances over 1Tx. However, it shows the worst A/N performance among the three candidates of FSTD, STBC, and SFBC. In addition, with AGI, the SNR gap is gradually increased in high coding rate (high A/N payload). If 20 A/N bits which are translated to higher coding rate are used for Rel-10 TDD using PUCCH format 3, it is anticipated that the performance degradation would get larger.
· STBC also show the good A/N performances. In EPA 3km/h which is relatively flat fading, it shows the good A/N performances since the ISI problem is alleviated. On the other hands, in ETU 3km/h which is frequency selective channel, its A/N performance is slightly worse than SFBC by amount of 0.36 dB SNR in maximum case referring Figure 6.
· SFBC shows the good A/N performances in most of scenarios (particularly in frequency selective channel) and in most of A/N bit range other than SORTD. 
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Figure 4 Required SNR for ETU 3km/h with AGI=0dB
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Figure 5 Required SNR for EPA 3km/h with AGI=0dB
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Figure 6 Required SNR for ETU 3km/h with AGI=6dB
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Figure 7 Required SNR for EPA 3km/h with AGI=6dB
Table 1 Required SNR such for ETU 3km/h with AGI=0dB
	
	
	2 A/N bits
	4 A/N bits
	6 A/N bits
	8 A/N bits
	10 A/N bits

	1 Tx
	Required SNR[dB]
	-5.75
	-5.19
	-5.09
	-3.19
	-1.75

	
	SNR gain over 1Tx [dB]
	0.00
	0.00
	0.00
	0.00
	0.00

	SORTD
	Required SNR[dB]
	-6.85
	-6.38
	-6.00
	-5.07
	-4.18

	
	SNR gain over 1Tx [dB]
	1.10
	1.19
	0.91
	1.88
	2.43

	FSTD
	Required SNR[dB]
	-7.01
	-6.35
	-5.31
	-3.90
	-3.10

	
	SNR gain over 1Tx [dB]
	1.26 
	1.16 
	0.22 
	0.71 
	1.35 

	STBC
	Required SNR[dB]
	-6.90
	-6.54
	-5.60
	-4.22
	-3.28

	
	SNR gain over 1Tx [dB]
	1.14 
	1.35 
	0.51 
	1.03 
	1.53 

	SFBC
	Required SNR[dB]
	-6.99
	-6.65
	-5.77
	-4.33
	-3.46

	
	SNR gain over 1Tx [dB]
	1.24 
	1.46 
	0.68 
	1.14 
	1.70 


Table 2 Required SNR such for EPA 3km/h with AGI=0dB
	
	
	2 A/N bits
	4 A/N bits
	6 A/N bits
	8 A/N bits
	10 A/N bits

	1 Tx
	Required SNR[dB]
	-6.72 
	-6.12 
	-5.29 
	-4.92 
	-3.79 

	
	SNR gain over 1Tx [dB]
	0.00
	0.00
	0.00
	0.00
	0.00

	SORTD
	Required SNR[dB]
	-7.60 
	-7.03 
	-6.55 
	-6.01 
	-5.09 

	
	SNR gain over 1Tx [dB]
	0.88 
	0.91 
	1.26 
	1.09 
	1.30 

	FSTD
	Required SNR[dB]
	-7.55 
	-7.01 
	-6.53 
	-5.05 
	-4.23 

	
	SNR gain over 1Tx [dB]
	0.83 
	0.89 
	1.24 
	0.14 
	0.45 

	STBC
	Required SNR[dB]
	-7.64 
	-7.06 
	-6.66 
	-5.30 
	-4.57 

	
	SNR gain over 1Tx [dB]
	0.92 
	0.95 
	1.36 
	0.38 
	0.78 

	SFBC
	Required SNR[dB]
	-7.64 
	-7.02 
	-6.55 
	-5.21 
	-4.43 

	
	SNR gain over 1Tx [dB]
	0.92 
	0.90 
	1.25 
	0.29 
	0.65 


Table 3 Required SNR such for ETU 3km/h with AGI=6dB
	
	
	2 A/N bits
	4 A/N bits
	6 A/N bits
	8 A/N bits
	10 A/N bits

	SORTD
	Required SNR[dB]
	-4.35 
	-3.89 
	-3.31 
	-2.39 
	-1.38 

	
	SNR gain over FSTD [dB]
	0.12 
	-0.14 
	0.83 
	1.29 
	1.15 

	FSTD
	Required SNR[dB]
	-4.23 
	-4.04 
	-2.48 
	-1.10 
	-0.23 

	
	SNR gain over FSTD [dB]
	0.00
	0.00
	0.00
	0.00
	0.00

	STBC
	Required SNR[dB]
	-4.30 
	-3.89 
	-2.88 
	-1.50 
	-0.65 

	
	SNR gain over FSTD [dB]
	0.07 
	-0.15 
	0.40 
	0.40 
	0.42 

	SFBC
	Required SNR[dB]
	-4.43 
	-4.00 
	-3.24 
	-1.68 
	-0.70 

	
	SNR gain over FSTD [dB]
	0.20 
	-0.03 
	0.76 
	0.58 
	0.47 


Table 4 Required SNR such for EPA 3km/h with AGI=6dB
	
	
	2 A/N bits
	4 A/N bits
	6 A/N bits
	8 A/N bits
	10 A/N bits

	SORTD
	Required SNR[dB]
	-5.03 
	-4.41 
	-4.06 
	-3.37 
	-2.63 

	
	SNR gain over FSTD [dB]
	-0.02 
	0.09 
	0.08 
	1.03 
	1.11 

	FSTD
	Required SNR[dB]
	-5.05 
	-4.32 
	-3.98 
	-2.34 
	-1.52 

	
	SNR gain over FSTD [dB]
	0.00
	0.00
	0.00
	0.00
	0.00

	STBC
	Required SNR[dB]
	-5.09 
	-4.40 
	-4.10 
	-2.98 
	-2.16 

	
	SNR gain over FSTD [dB]
	0.03 
	0.08 
	0.12 
	0.64 
	0.64 

	SFBC
	Required SNR[dB]
	-5.11 
	-4.40 
	-4.10 
	-2.81 
	-2.02 

	
	SNR gain over FSTD [dB]
	0.06 
	0.08 
	0.12 
	0.47 
	0.50 


5. Summary
In general, it turns out that all transmit diversity candidates bring about significant SNR gain over single antenna transmission in most of scenarios. This means the TxD scheme would help to expand UL coverage as well as to save UE battery consumption.
As a detailed transmit diversity scheme, we summarize several alternatives as follows;
· SORTD

· Pros

· It shows the best A/N performances among the alternatives.

· It would have minimum specification efforts.

· Cons

· It requires two orthogonal resources for data symbols.

· FSTD
· Pros

· Only one orthogonal resource is needed for data symbols.

· Cons

· The A/N performance is worst among the alternatives.

· A new 6-point DFT/IDFT function is necessary in Rel-10.

· STBC

· Pros

· Only one orthogonal resource is needed for data symbols.

· The A/N performance is good in general particularly in flat fading.

· Cons

· The A/N performance is worse than SORTD.
· It needs two 12-point DFT operations to make STBC signals.

· SFBC

· Pros

· Only one orthogonal resource is needed for data symbols.

· The A/N performance is good in general particularly in frequency selective fading.
· Cons

· The A/N performance is worse than SORTD.

6. Conclusions
In this contribution, we discussed and evaluated some alternatives as a transmit diversity scheme for PUCCH format 3. Based on the discussion above, we propose the following;

· Transmit diversity scheme is introduced for PUCCH format 3.

· SFBC in Figure 2 is used.
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Annex A. Simulation Conditions
The basic simulation assumptions in [7] were adopted in this contribution. We applied the following definition for Rx false alarm detection threshold as;
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The remaining simulation assumptions are listed in Table 1.
Table 5 Link level simulation assumptions
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	ETU, EPA

	Velocity
	3km/h

	System bandwidth
	5MHz

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx, 2Tx-2Rx

	Tx/Rx antenna correlation
	Uncorrelated

	Antenna gain imbalancing
	0dB, 6dB

	Channel estimation
	Practical

	CP type
	Normal CP

	Signal bandwidth
	180kHz

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	
[image: image9.wmf]PUCCH

shift

D


	2

	A/N bits
	2,4,6,8,10 bits

	Channel coding
	(32,O) PUSCH RM coding with circular buffer rate matching 


Annex B. Link Level Simulation Results
The no line, solid line, and dotted line represent Pr(D->A), Pr(A->N/D), and Pr(N->A), respectively.
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