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1. Introduction
In RAN1-62, the transmit diversity schemes for PUCCH format 1b with channel selection were discussed, with the following agreements:

· If TxD is supported for channel selection (2<=A/N<=4), the alternatives are:

· Alt 1: SORTD

· Number of resources reserved for channel selection doubles the number needed for single antenna case

· Alt 2: Modified SORTD

· Number of resources reserved for channel selection is the same as the number needed for single antenna case,  select 2 of them to transmit a same modulation symbol

· Alt 3:  SCBC

· Coding applied on the 2 resources jointly determined by channel selection for transmission, one such example of coding is R1-104452

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

· For performance evaluation, simulation assumptions described in R1-104140 is applicable
The scheme of modified SORTD is described in [1], while the SCBC scheme is discussed in [2]. In this contribution, we compare the ACK/NAK link level performance of the three TxD schemes for PUCCH format 1b with channel selection.
2. Discussion of TxD schemes for PUCCH format 1b with channel selection
PUCCH format 1b with channel selection is used to convey 2 – 4 ACK/NAK bits. The ACK/NAK detection requirements are 
· ACK missing probability of 1%

· DTX-to-ACK error probability of 1%

· NAK-to-ACK error probability of 0.1%

The required SNR shall meet the above three requirements. Evaluations, e.g. [4], show that the detection performance of PUCCH format 1b with channel selection is sufficiently good for 2 – 4 ACK/NAK bits, even with a single transmit antenna at UE. The main purpose of applying transmit diversity to PUCCH format 1b with channel selection is to further improve its detection performance. Hence, it is critical that the TxD scheme offering the best detection performance shall be selected.
For SORTD, it is well understood that the detection performance is enhanced if UEs are equipped with multiple transmit antennas. Since the resource used for each transmit antenna is orthogonal to each other, there is no interference between the transmit antennas. Hence, it is expected that SORTD provides the best ACK/NAK detection performance. The main drawback of SORTD is that it requires twice of the PUCCH format 1b resources, compared to the single antenna transmission scheme.

The modified SORTD [1] and SCBC [2] aims to reduce the PUCCH format 1b resources compared to SORTD, while still trying to provide some sort of transmit diversity gains. The amount of PUCCH format 1b resources with modified SORTD or SCBC is the same as the single antenna transmission scheme. The UE is allowed to use two PUCCH format 1b resources, one for each of its transmit antenna. On the other hand, the minimum distance of ACK/NAK codewords is reduced with the modified SORTD or SCBC scheme, which leads to degraded ACK/NAK detection performance as shown in Section 3.
3. Evaluation results
In this section, we show the ACK/NAK detection performance of SORTD, modified SORTD [1], and SCBC [2]. The simulation assumptions are compliant with [3], as duplicated in Appendix I. The detection performance of 4 ACK/NAK bits is shown in this section, while the same conclusions can be drawn for 2 and 3 ACK/NAK bits. The mapping table for 4 ACK/NAK bits is Table 6 in [3], while the mapping tables for modified SORTD and SCBC follow [1] and [2], respectively. Figure 1 shows the ACK/NAK performance of SORTD, modified SORTD, and SCBC for ETU and EPA, while Table 1 summarizes the required SNR for the three TxD schemes as well as the single antenna transmission schemes [4].
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Figure 1: Link ACK/NAK BER, ETU 5MHz (left), EPA 10MHz (right)

Table 1: Required SNR for TxD schemes of PUCCH format 1b with channel selection
	
	SORTD
	Modified SORTD
	SCBC
	Single Antenna

	
	ETU
	EPA
	ETU
	EPA
	ETU
	EPA
	ETU
	EPA

	Required SNR (dB)
	-10.11*
	-8.44*
	-7.09**
	-6.31**
	-6.33**
	-5.36**
	-8.49*
	-7.36*

	Difference relative to single antenna (dB)
	-1.62
	-1.08
	1.4
	1.06
	2.16
	2.00
	0
	0


Note: * required SNR determined by 1% ACK missing error probability
Note: ** required SNR determined by 0.1% NAK-to-ACK error probability
It is noted that SORTD can enhance the ACK/NAK detection performance compared to the single antenna transmission scheme, while modified SORTD and SCBC on the contrary has worse performance than single antenna transmission. The underlining observation is that modified SORTD and SCBC doubles the PUCCH format 1b resource utilization compared to single antenna transmission, which reduces the minimum ACK/NAK codeword distance. Hence, the 0.1% NAK-to-ACK requirement determines the overall required SNR. It is further noted that ACK/NAK DTX detection is performed by using both the RS and data SC-FDMA symbols.
Given the above evaluations, it is clear that if transmit diversity is supported for PUCCH format 1b with channel selection, then SORTD shall be adopted as the other schemes do not provide performance enhancement compared to single antenna transmission. Hence, we have the following proposal:

Proposal: SORTD shall be adopted as the transmit diversity scheme for PUCCH format 1b with channel selection, if supported.

4. Conclusions

In this contribution, we discuss and compare the performance of three transmit diversity schemes for PUCCH format 1b with channel selection. The evaluations indicate that SORTD is the only viable option among the three alternatives, since the gain of transmit diversity cannot be exploited by modified SORTD and SCBC. Hence, we have the following proposal:

Proposal: SORTD shall be adopted as the transmit diversity scheme for PUCCH format 1b with channel selection, if supported.
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6. Appendix I: Link level simulation assumptions
	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz for ETU, 10 MHz for EPA

	channel model
	ETU 3km/h 5 MHz, EPA 3km/h 10 MHz

	frequency hopping
	at slot boundary

	antenna setup
	2 Tx, 2 Rx

	RX antenna correlation
	uncorrelated

	channel estimation
	practical

	CP type
	normal CP

	signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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	Number of ACK/NAK bits
	4
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