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1 Introduction
In Rel-10, PUCCH format 3 is supported to transmit HARQ-ACK bits and possible SR bit. When there is more than one antenna at UE side, transmit diversity (TxD) scheme SORTD for 2 antenna ports can be configured for Rel-10 UE to improve performance. However, the multiplexing capacity of SORTD is low due to two orthogonal resource needed for each UE. To further increase the multiplexing capacity of PUCCH format 3 when TxD scheme is configured, it was decided to study TxD scheme for format 3 in Rel-11 [1]. 
In this contribution, several candidate TxD schemes are discussed and the corresponding performance is evaluated by link level simulation. These candidate schemes are:
· Alamouti coding before DFT [2]
· Modified SFBC [3]
· FSTD [4]
· Beam switching before DFT
Based on the discussion and performance comparison, if one new TxD scheme other than SORTD should be adopted for format 3 in Rel-11, we propose to use beam switching before DFT.
2 Transmit diversity candidates for PUCCH format 3 
A description of these four TxD candidate schemes is presented.
2.1 Alamouti coding before DFT (SC-STBC) 

For SC-STBC as shown in Figure 1, the input data vector of [d1,…,d12] and its transformed version [-d*2, d*1…, -d*12,d*11] are DFT transformed and then conveyed over antenna ports 1 and 2 (AP1 and AP2) separately. At the receiver side, after IDFT, it is assumed that all the transmitted symbols dm (m=1,…,12) experience a constant equivalent channel and likewise for (-1)m+1d*m(m=1,…,12). Therefore, the following transmission blocks of Alamouti coding before DFT operation can be made:
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Figure 1. SC-STBC
2.2 Modified SFBC (MSFBC) 

For MSFBC as shown in Figure 2, the output vector {s1,…,s12} after performing DFT on the input data vector of [d1,…,d12], and its transformed version of {-s*6,…s*1, -s*12…, s*7} are transmitted on AP1 and AP2 separately. The two output vectors can form the transmission block, 
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In the transmission block, two columns with a certain distance can generate a space frequency block code (SFBC) matrix as,
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The benefit of this encoding scheme is that single carrier property is maintained per antenna.  
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Figure 2. MSFBC
2.3 Frequency Switched Transmit Diversity (FSTD) 
For FSTD, the input data vector of [d1,…, d6] and [d7,…,d12] are DFT transformed and transmitted over AP1 and AP2 separately. To achieve frequency switched diversity, the output vector of [d1,…, d6] after DFT is mapped onto the even subcarriers on AP1 while [d7,…,d12] is mapped onto the odd subcarriers on AP2. However, to reuse the module for single antenna port transmission for simplicity, this scheme can be also implemented as shown in Figure 3.
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Figure 3. FSTD
In addition, a dual RM code is used for payload size larger than 11 bits where information bits are segmented into two parts and separately encoded to obtain two sub-code blocks. In this situation, to explore diversity gain of FSTD to the maximal level, it is required to spread each sub-code block on all slots and all APs. That means modulation symbols mapped onto even subcarriers (in the sense before DFT) should contain symbols from both of sub-code blocks and likewise for odd subcarriers. However, in Rel-10, modulation symbols mapped onto even subcarriers or odd subcarriers come from only one sub-code block. Hence, the application of FSTD for dual RM code needs further consideration. 
Beam switching before DFT (BS-DFT)

For BS-DFT as shown in Figure 4, the input data vector of [d1,…,d12] and its transformed version [a1d1, a2d2, …, a11d11, a12d12] are DFT transformed and then conveyed over AP1 and AP2 separately. The coefficient an could be freely chosen with only the constraint that they cannot be all the same, e.g., an=exp{2nkπ/12} for some k. At the receiver side, after IDFT, different elements in the input data vector will experience different beam so that diversity gain is achieved.
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Figure 4. BS-DFT
3 Simulation Results 
In this section, we evaluate the four TxD candidate schemes for PUCCH format 3 with a link-level simulation, where the simulation assumptions are listed in Appendix A. The required SNR[dB] for different candidate schemes (also including single antenna scheme and SORTD) fulfilling the following requirements
· Pr(DTX(ACK) ( 10-2 

· Pr(ACK(NACK/DTX) ( 10-2
· Pr(NACK(ACK) ( 10-3
is summarized in Figure 5.The detail of simulation results is contained in Appendix B. 
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Figure 5. Required SNR for different candidates with different receivers
In the simulation, for BS-DFT, FSTD and single AP case both receiving algorithms of joint Data+RS ML receiver (joint) and MMSE+ML decoding of RM code receiver (normal) are compared; for SC-STBC, and MSFBC, only normal receiver is implemented due to its specific structure. From these simulation results, there are the following observations:
· SORTD provides the best performance;

· SC-STBC and MSFBC have almost the same performance;

· BS-DFT and FSTD have almost the same performance for both receivers, and are better than SC-STBC and MSFBC in case of joint receiver while on the contrary in case of normal receiver;

· Single AP case with joint receiver is almost the same as SC-STBC and MSFBC, while Single AP case with normal receiver is worse than them.

4 Further discussion
For all these candidate schemes, whether the multiplexing capacity can be increased depends on the availability of DMRS because the required DMRS is doubled. This can be solved by applying an orthogonal cover code (OCC) over two SC-FDMA symbols for DMRS in a slot in case of normal CP. However, in case of extended CP, there is only one SC-FDMA symbol for DMRS so that the approach of applying OCC cannot work. In this case, we can probably change the spreading factor from 5 to 4 and reserve one more SC-FDMA symbol for DMRS. By doing this way, the performance may be degraded due to reduced spreading factor while performance will be improved due to diversity gain. Also it cannot support backward compatibility. Hence, further consideration on increasing DMRS in case of extended CP is needed.
For performance, although all these candidate schemes should have better performance than single AP case in theory, it is not valid in practical situations. For example, as observed in the simulation, SC-STBC and MSFBC have almost the same performance as Single AP case with joint receiver. It is the fact that their receivers are different. But the reason is there are not many other options for SC-STBC and MSFBC schemes, since it is usually required to decouple the Alamouti block firstly with estimated channel so that normal receiver is used. However, for Single AP case and some of other schemes (BS-DFT, FSTD, etc.), there is no such kind of constraint so that they can use any other receivers with better performance. From this point of view, BS-DFT and FSTD are preferred to SC-STBC and MSFBC.
Finally, there are two encoding schemes for format 3, i.e., single RM and dual RM codes, it is desired to have the same specification for the TxD scheme of these two coding schemes. However, as we discussed in Section 2, some additional specification effort is needed for FSTD in case of the dual RM code.
Considering these discussion, we slightly prefer BS-DFT as TxD scheme for PUCCH format 3.
5 Conclusion

In this contribution, TxD candidates for PUCCH format 3 are discussed and evaluated. From the simulation results, it is observed that FSTD and BS-DFT (Beam Switching before DFT) have significant gain over Single AP case, and they are better than SC-STBC and MSFBC when joint Data+RS ML receiver is used.
Taking all the discussed aspects into account, i.e., performance, multiplexing capacity and specification effort, we slightly prefer BS-DFT as TxD scheme for format 3, if one new TxD scheme other than SORTD should be adopted for format 3 in Rel-11. 
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Link simulation assumptions
	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz

	channel model
	TU 3km/h

	frequency hopping
	at slot boundary

	antenna setup
	xTx2Rx

	TX antenna correlation
	uncorrelated

	channel estimation
	real
Note: different OCC is applied on RS on each AP

	CP type
	normal CP

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of Information bits
	4,6,8,10 bits


	Channel coding
	TS36.212 (32, O) channel coding with repetition to 48 coded bits, and assuming an=(-1)^(n-1) for BS-DFT

	RX false alarm detection threshold
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Figure 6. Simulation results for 4 bits.                    Figure 7. Simulation results for 6 bits.
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Figure 8. Simulation results for 8 bits.                   Figure 9. Simulation results for 10 bits.
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