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1 Introduction
A new study item on enhanced UL transmission is bound to start during this meeting. One of the listed points for investigation refers to transmit diversity for PUCCH formats 3 and 1b with channel selection. While TxD diversity has been investigated in previous releases, in this paper we are shortly reviewing the considered techniques, presenting performance results and drawing conclusions on the need for further development on the subject.
2     Transmit diversity schemes for PUCCH
2.1 TxD for Format 3

In 3GPP RAN1 #63 meeting, it was agreed that SORTD is adopted for PUCCH format 3. The TxD schemes including SFBC, STBC, SORTD and FSTD have been extensively evaluated. The SORTD shows the best performance but requires doubled resources, which limits the multiplexing capacity. Therefore it was also agreed to study suitable TxD schemes that minimize the impact on the multiplexing capacity for Rel-11. 
In this contribution we mainly consider three alternatives not listed above:
· Alt1. We consider a punctured SORTD scheme, applying SORTD only in the first slot of each subframe, in the other slot applying a SIMO transmission. In this way, the resource requirement reduces from 2 to 1.5 and thus more UEs can be allocated. The performance evaluation is presented in this contribution.
· Alt2.  We propose a dynamic switching algorithm that works between SFBC and SORTD trying to optimize the resource consumption scheme while sustaining the optimum TxD gain. The details of this scheme are described below.
· Alt3. In [1], a TxD scheme named PVS is proposed and claimed to have promising performance. The scheme applies a [1 1] cover code on the two slots respectively of the signal transmitted via antenna port 1 and [1 -1] cover code is used for antenna 2. Therefore, PVS requires only 1 resource and shows very close-to-SORTD performance in [1]. Therefore, we evaluate the performance of this TxD scheme for comparison.
Dynamic switching TxD for PUCCH format 3
According to the simulation results shown in Figure 2, the SORTD outperforms SFBC only with large payload size (N>6bits). Then it is not resource inefficient to apply SORTD all the time. Dynamic switching between SFBC and SORTD may reduce the resource consumption and maintain the optimum performance. Thus we propose to apply SFBC when payload size is small and switch to SORTD when payload size is large. A demonstration is displayed in Figure 1. The UE first checks the number of A/N to be transmitted, if it is larger than a predefined number, which is 6 in our case, then the second antenna transmits the signal through the second resource (OCC2). When the payload size is smaller than the threshold, the second antenna transmits the SFBC coded signal through the same resource (OCC1) as the first antenna. No additional signalling is required as both eNB and UE are aware of the payload size and thus eNB will decode the TxD scheme accordingly. 
Performance evaluation
In this section, we evaluate the performance of TxD for PUCCH format 3. The parameters used in the simulation are summarized in Table 1 in the appendix. 10 A/N bits are selected as the performance difference between different TxD occurs with larger payload size according to previous contributions.

· From the simulation results (Figure 3), it can be seen that the punctured SORTD realizes the tradeoff between resource consumption and the performance. However, as other TxD schemes such as SFBC can also achieve similar performance, it is unnecessary to use another 0.5 resource. 

· According to the simulation results, the PVS performance is only slightly improved compared to single Tx scheme. The dynamic switching scheme will have the same performance as SORTD as applying SFBC when payload size is small will not reduce the overall performance. As only part of the UEs will require a large payload sized A/N transmission, the resource consumption will be significantly reduced while the performance gain of applying TxD is not compromised. However, this improvement is achieved at the cost of implementation complexity, to be further evaluated Thedynamic switching scheme should be considered as a potential alternative to meet the multiplexing capacity problem of PUCCH format 3 TxD.
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Figure 1: Flowchart of switching TxD scheme
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Figure 2: Operating SNR required for different TxD scheme [2]
2.2 TxD for Format 1b with channel selection

It was agreed that if channel selection is configured for a UE in FDD operation, it simply follows the FDD channel selection mapping table in all cases and therefore SORTD does not apply. Therefore, the TxD schemes such as SCBC, MSORTD [4] which need to modify the mapping table will not be supported either.
The PVS proposed in [3] is similar to the PVS proposed for PUCCH format 3. This TxD does not need to change the mapping table and the receiver side will be identical to a SIMO setup. That is, PVS is a TxD that requires no modification of standard and thus complies with the agreement. Therefore, we evaluate PVS to verify the performance.
Performance evaluation
In this section, we evaluate the performance of TxD for PUCCH format 1b with channel selection. The parameters used in the simulation are summarized in Table 1 in the appendix. The maximum 4 A/N bits are selected to evaluate different TxDs.

According to our simulation results (Figure 4), PVS did not show significant gain over SIMO. The BER performance is almost the same as SIMO. Considering the implementation complexity, PVS should not be considered as a promising alternative for TxD of PUCCH format 1b with channel selection.
3
Conclusions
In this contribution, we discussed the potential TxD for PUCCH format 3 and format 1b with channel selection. For format 3, we discussed three possible TxD schemes that may reduce the resource consumption of SORTD. According to the simulation results, PVS and punctured SORTD did not show promising performance and thus should not be considered. The dynamic switching between SORTD and SFBC reduces the resource waste by falling back to SFBC when payload size is small. Thus this dynamic switching should be further considered as an efficient way to perform TxD with no BER performance loss while the complexiy implications should be further evaluated.
For format 1b with channel selection, we evaluate the PVS that satisfies the agreement of keeping the mapping table. However, no significant improvement is found in our simulation and thus PVS does not seem an attractive alternative in our view.
Appendix: simulation results
Simulation parameters:

	Parameters
	value

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	Channel Model
	ETU 3km/h

	Frequency hopping
	At slot boundary

	Antenna setup
	1Tx (2Tx for TxD),2Rx

	RX antenna correlation
	Uncorrelated

	Channel estimation
	Practical

	CP type
	Normal CP

	Signal bandwidth(1PRB)
	180kHz

	RX false alarm detection
	

	Noise estimation
	Ideal

	Number of UEs
	1

	
	

	Number of PRBs for PUCCH
	1
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Table 1: simulation parameter
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Figure 3: BER performance of format 3
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Figure 4: BER performance of format 1b with channel selection
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