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1 Introduction
In LTE-R10, no transmit diversity scheme was adopted for format 1b with channel selection. There were a few schemes being proposed and discussed:
· SORTD

· Modified SORTD or M-SORTD [1] 
· SCBC [2]
· RSTD [3]
It was agreed in RAN1#63bis to investigate resource-efficient TxD schemes for Format 1b with channel selection in Rel-11, and investigation of a transmit diversity scheme for PUCCH format 1b with channel selection was therefore incorporated in the LTE Carrier Aggregation Enhancements WI. 

In this contribution, we present simulation results for different schemes and compare their performance.
2 Simulation Assumptions
The simulation assumptions are shown in Table 1.
Table 1 Simulation Assumptions

	Parameters
	Assumptions

	Number of ACK/NACK bits
	4

	Carrier frequency
	2 GHz

	Channel bandwidth
	10MHz

	Propagation channels
	EPA 3km/h, ETU 30km/h

	Antenna configuration
	UE: 1Tx for SIMO, 2 Tx for TxDiv schemes;
BS: 2 Rx, uncorrelated

	Channel estimation
	Practical channel estimation

	DTX threshold
	Chosen such that Prob(DTX->ACK) <= 1%

	Cyclic prefix
	Normal CP

	Timing estimation
	Perfect timing estimation


SORTD

With SORTD, each antenna transmits the same symbol using separate PUCCH resources. Therefore, 4-bit ACK/NAK requires a total of 8 resources for format 1b with channel selection.
Modified SORTD

Modified SORTD uses the same number of resources as SIMO. Instead of choosing one resource out of the configured resources, modified SORTD chooses two resources, with one for each antenna. The mapping table used for evaluation is the same as that in [1], given in Table 2.
Table 2 Modified SORTD

	A/N bits
	Antenna port#0
	Antenna port#1

	 b3
	b2
	b1
	b0
	 Ch#0
	Ch#1
	Ch#2
	Ch#3
	Ch#0
	Ch#1
	Ch#2
	Ch#3

	0
	0
	0
	0
	s0,s0,r
	　
	　
	　
	　
	r
	s0,s0
	　

	0
	0
	0
	1
	s1,s1,r
	　
	　
	　
	　
	r
	s1,s1
	　

	0
	0
	1
	0
	s2,s2,r
	　
	　
	　
	　
	r
	s2,s2
	　

	0
	0
	1
	1
	s3,s3,r
	　
	　
	　
	　
	r
	s3,s3
	　

	0
	1
	0
	0
	r
	s0,s0
	
	　
	s0,s0
	r
	　
	

	0
	1
	0
	1
	r
	s1,s1
	
	　
	s1,s1
	r
	　
	

	0
	1
	1
	0
	r
	s2,s2
	
	　
	s2,s2
	r
	　
	

	0
	1
	1
	1
	r
	s3,s3
	
	　
	s3,s3
	r
	　
	

	1
	0
	0
	0
	r
	　
	s0,s0
	　
	
	r
	
	s0,s0

	1
	0
	0
	1
	r
	　
	s1,s1
	　
	
	r
	
	s1,s1

	1
	0
	1
	0
	r
	　
	s2,s2
	　
	
	r
	
	s2,s2

	1
	0
	1
	1
	r
	　
	s3,s3
	　
	
	r
	
	s3,s3

	1
	1
	0
	0
	r
	
	　
	s0,s0
	
	s0,s0,r
	　
	

	1
	1
	0
	1
	r
	
	　
	s1,s1
	
	s1,s1,r
	　
	

	1
	1
	1
	0
	r
	
	　
	s2,s2
	
	s2,s2,r
	　
	

	1
	1
	1
	1
	r
	
	　
	s3,s3
	
	s3,s3,r
	　
	


SCBC

Similar to modified SORTD, SCBC chooses two out of the configured resources, and uses one for each antenna. The difference is that it applies space coding to the symbols transmitted on the second antenna. The mapping table used for evaluation is the same as that in [2], given in Table 3.
Table 3 SCBC

	A/N bits
	Antenna port#0
	Antenna port#1

	 b3
	b2
	b1
	b0
	 Ch#0
	Ch#1
	Ch#2
	Ch#3
	Ch#0
	Ch#1
	Ch#2
	Ch#3

	0
	0
	0
	0
	s0,s0,r
	　
	　
	　
	
	s0*,s0*,r
	
	　

	0
	0
	0
	1
	s1,s1,r
	　
	　
	　
	
	s1*,s1*,r
	
	　

	0
	0
	1
	0
	s2,s2,r
	　
	　
	　
	
	s2*,s2*,r
	
	　

	0
	0
	1
	1
	s3,s3,r
	　
	　
	　
	
	s3*,s3*,r
	
	　

	0
	1
	0
	0
	　r
	s0,s0
	
	　
	-s0*,-s0*,r
	　r
	　
	

	0
	1
	0
	1
	　r
	s1,s1
	
	　
	-s1*,-s1*,r
	　r
	　
	

	0
	1
	1
	0
	　r
	s2,s2
	
	　
	-s2*,-s2*,r
	　r
	　
	

	0
	1
	1
	1
	　r
	s3,s3
	
	　
	-s3*,-s3*,r
	　r
	　
	

	1
	0
	0
	0
	　r
	　
	s0,s0
	　
	
	　r
	
	s0*,s0*,r

	1
	0
	0
	1
	　r
	　
	s1,s1
	　
	
	　r
	
	s1*,s1*,r

	1
	0
	1
	0
	　r
	　
	s2,s2
	　
	
	　r
	
	s2*,s2*,r

	1
	0
	1
	1
	　r
	　
	s3,s3
	　
	
	　r
	
	s3*,s3*,r

	1
	1
	0
	0
	　r
	
	　
	s0,s0
	
	　r
	-s0*, -s0*,r
	

	1
	1
	0
	1
	　r
	
	　
	s1,s1
	
	　r
	-s1*,-s1*,r
	


	1
	1
	1
	0
	　r
	
	　
	s2,s2
	
	　r
	-s2*,-s2*,r
	

	1
	1
	1
	1
	　r
	
	　
	s3,s3
	
	　r
	-s3*,-s3*,r
	


RSTD

RSTD also uses the same number of resources as in SIMO. As proposed in [3], RSTD applies RS and slot coding, which is designed to further improve the performance. The mapping table used in evaluation is the same as Table 3 in [3], which is given in Table 4 below.
Table 4 RSTD
	A/N bits
	Antenna port#0
	Antenna port#1

	 b3
	b2
	b1
	b0
	 Ch#0
	Ch#1
	Ch#2
	Ch#3
	Ch#0
	Ch#1
	Ch#2
	Ch#3

	0
	0
	0
	0
	s0,s0,r
	　
	　
	　
	　
	s2,s2,r
	
	

	0
	0
	0
	1
	s1,s1,r
	　
	　
	　
	　
	s1,s0,r
	
	

	0
	0
	1
	0
	s2,s2,r
	　
	　
	　
	　
	s0,s1,r
	
	

	0
	0
	1
	1
	s3,s3,r
	　
	　
	　
	　
	s3,s3,r
	
	

	0
	1
	0
	0
	
	s0,s0
	　r
	　
	
	　r
	s2,s2
	

	0
	1
	0
	1
	
	s1,s1
	　r
	　
	
	　r
	s1,s0
	

	0
	1
	1
	0
	
	s2,s2
	　r
	　
	
	　r
	s0,s1
	

	0
	1
	1
	1
	
	s3,s3
	　r
	　
	
	　r
	s3,s3
	

	1
	0
	0
	0
	
	　
	　r
	s0,s0
	s2,s2
	
	
	　r

	1
	0
	0
	1
	
	　
	　r
	s1,s1
	s1,s0
	
	
	　r

	1
	0
	1
	0
	
	　
	　r
	s2,s2
	s0,s1
	
	
	　r

	1
	0
	1
	1
	
	　
	　r
	s3,s3
	s3,s3
	
	
	　r

	1
	1
	0
	0
	　r
	
	s0,s0
	
	
	
	　
	s2,s2,r

	1
	1
	0
	1
	　r
	
	s1,s1
	
	
	
	　
	s1,s0,r

	1
	1
	1
	0
	　r
	
	s2,s2
	
	
	
	　
	s0,s1,r

	1
	1
	1
	1
	　r
	
	s3,s3
	
	
	
	
	s3,s3,r


Variant of Modified SORTD (M-SORTD2)
Besides the schemes described above, we consider a variant of modified SORTD. The data symbols are carried exactly the same as modified SORTD. The difference is that the resource used by the RS also varies with the information bits, thus improving the performance. The mapping table is shown in Table 5. Note that this can also be viewed as a special case of RSTD code as described in [3].
Table 5 Variant of Modified SORTD

	A/N bits
	Antenna port#0
	Antenna port#1

	 b3
	b2
	b1
	b0
	 Ch#0
	Ch#1
	Ch#2
	Ch#3
	Ch#0
	Ch#1
	Ch#2
	Ch#3

	0
	0
	0
	0
	s0,s0,r
	　
	　
	　
	　
	
	s0,s0,r
	　

	0
	0
	0
	1
	s1,s1,r
	　
	　
	　
	　
	
	s1,s1,r
	　

	0
	0
	1
	0
	s2,s2,r
	　
	　
	　
	　
	
	s2,s2,r
	　

	0
	0
	1
	1
	s3,s3,r
	　
	　
	　
	　
	
	s3,s3,r
	　

	0
	1
	0
	0
	
	s0,s0,r
	
	　
	s0,s0,r
	
	　
	

	0
	1
	0
	1
	
	s1,s1,r
	
	　
	s1,s1,r
	
	　
	

	0
	1
	1
	0
	
	s2,s2,r
	
	　
	s2,s2,r
	
	　
	

	0
	1
	1
	1
	
	s3,s3,r
	
	　
	s3,s3,r
	
	　
	

	1
	0
	0
	0
	
	　
	s0,s0,r
	　
	
	
	
	s0,s0,r

	1
	0
	0
	1
	
	　
	s1,s1,r
	　
	
	
	
	s1,s1,r

	1
	0
	1
	0
	
	　
	s2,s2,r
	　
	
	
	
	s2,s2,r

	1
	0
	1
	1
	
	　
	s3,s3,r
	　
	
	
	
	s3,s3,r

	1
	1
	0
	0
	
	
	　
	s0,s0,r
	
	s0,s0,r
	　
	

	1
	1
	0
	1
	
	
	　
	s1,s1,r
	
	s1,s1,r
	　
	

	1
	1
	1
	0
	
	
	　
	s2,s2,r
	
	s2,s2,r
	　
	

	1
	1
	1
	1
	
	
	　
	s3,s3,r
	
	s3,s3,r
	　
	


3 Simulation Results

Figure 1 and Figure 2 present the performance curves for EPA 3km/h and ETU 30km/h, respectively, for 4 A/N bits. We have the following observations:

· SORTD provides about 0.8 dB gain in both cases.

· M-SORTD and SCBC both provide better ACK->DTX/NAK performance, similar to SORTD. However, both have worse NAK->ACK performance, comparable to SIMO. In fact, the NAK->ACK performance becomes the limiting factor, thus having minimum gain over SIMO in terms of the required SNR.
· Both RSTD and M-SORTD2 perform similar to SORTD.

Using Prob(A->D/N) <= 1% and Prob(N->A) <= 0.1% as the criteria, the required SNRs for different schemes are summarized in Table 6.

Table 6 Required SNR for different transmit diversity schemes (4 A/N bits)
	Required SNR (dB)
	SIMO
	SORTD
	M-SORTD
	SCBC
	RSTD
	M-SORTD2

	EPA 3km/h
	-7
	-7.8
	-7.2
	-7.4
	-7.8
	-7.8

	ETU 30km/h
	-6.9
	-7.7
	-7.2
	-7.2
	-7.7
	-7.7


Among all these schemes, RSTD and M-SORTD2 are the most preferable because they perform similar to SORTD, while still using same number of resources as SIMO. M-SORTD2 has a much simpler mapping structure compared to RSTD, because two antennas carry the same symbol in both slots, and RS uses the same resource index as the data. This simplifies the implementation of encoding at UE and decoding at eNB. Therefore, we propose to adopt M-SORTD2 as the transmit diversity scheme for format 1b with channel selection.
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Figure 1 Error probability for EPA 3km/h with 4 A/N bits
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Figure 2 Error probability for ETU 30km/h with 4 A/N bits

4 Summary 
In this contribution, we presented simulation results for different transmit diversity schemes for format 1b with channel selection. RSTD and the newly proposed M-SORTD2 are both resource-efficient schemes which avoid the need to increase resources compared to SIMO, but they still give similar performance to SORTD. M-SORTD2 has a simpler mapping structure than RSTD. 
Therefore, we propose to adopt M-SORTD2 as the transmit diversity scheme for PUCCH Format 1b with channel selection in Rel-11.
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