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1.
Introduction
In 3GPP RAN1#61bis, it has been agreed that: for both FDD and TDD

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM 

This contribution summarizes our views and preferences regarding the transmission diversity for these multi-A/N signalling methods. 
2. TxD for channel selection
In this chapter we discuss the transmission diversity methods that are suitable for the channel selection scheme. The space diversity can be achieved by utilizing either SORTD (Spatial Orthogonal Resource Transmit Diversity) or SCBC (Space Code Block Coding) [1]. 
SORTD

SORTD (Spatial Orthogonal Resource Transmit Diversity) is the agreed multi-antenna transmission method for PUCCH format 1/1a/1b.  In SORTD, separate PUCCH channels are reserved for both transmit antenna ports.  The problem of SORTD with channel selection is high PUCCH resource consumption resulting significantly decreased multiplexing capacity.  Even with single antenna transmission, the channel selection needs relative high number of PUCCH resources, e.g., 2 PUCCH format 1b channels are needed for carrying 3-bit information, 4 PUCCH channels are needed for 4-bit information, etc.  Multi-antenna transmission using SORTD would even duplicate the number of needed channels so that 8 PUCCH format 1b channels would be required for carrying just 4 bits of information.  
SCBC

Spatial block coding is commonly applied e.g. over symbols consecutive in time, resulting in STBC. The spatial block coding can also be directly applied over PUCCH Format 1b channels. The exemplary mapping for 4 PUCCH channels is shown in Table 1:
•
PUCCH channel (or channel element, CE) for the first antenna port is selected based on the information content as it is with single antenna port channel selection

•
PUCCH channel for the second antenna port is linked to channel index used for first antenna port according to a predetermined rule  

•
Space coding is applied on the signal mapped on the first antenna port, and the resulting coded signal is mapped to the second antenna port.
Table 1 Example of space coding with channel selection 
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The benefit of SCBC over SORTD is that multi-antenna transmission requires the same amount of PUCCH resources/channels as single antenna transmission.  The limitation is that SCBC can be used only for even number of PUCCH channels. The RS signals from different antennas can be allocated to fixed channels or the channels could be selected based on the information content. 
The performance comparison between SCBC and SORTD is shown in Figure 1. Simulation assumptions are given in Table 2.  In SCBC, the RS signals from different antennas are allocated to fixed channels, while the PUCCH data channels are remapped between slots. When both ACK Miss Detection (1%) and NACK ACK (0.1%) requirements are taken into account, there is no meaningful performance difference between SCBC and SORTD.  Both methods give 0.6 dB Tx diversity gain.
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Figure 1 Performance comparison between SORTD and SCBC based channel selection diversity schemes 
3. TxD for Block Spread DFT-S-OFDMA

The possible transmission diversity methods for Block Spread DFT-S-OFDMA are SORTD, M-SFBC [2,3] , STTD and CDD. Again, the problem of SORTD is high resource consumption resulting that only 2 UE’s per PRB can supported.  The gain from other spatial diversity methods with respect to single antenna port mode transmission should be carefully analyzed while taking into account the required additional complexity. Furthermore,  the possibility to use Format 1b based scheme with ACK/NACK bundling should be also considered.
4.
Conclusions
In this contribution, we discussed transmission diversity methods for the agreed PUCCH multi-A/N signalling methods. We propose that SCBC should be applied as Tx diversity scheme for channel selection. The diversity methods for block spread DFT-O-OFDMA should be studied further by taking into account both the gain over single antenna port mode transmission as well as the required additional complexity. Also the possibility to use Format 1b based scheme with ACK/NACK bundling should be considered. 
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Appendix
Table 2 Simulation assumptions

	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz 

	Channel model
	 SCM-C 

	Frequency hopping
	at slot boundary

	Antenna setup
	1x2 and 2x2,  spatially separated elements : 0.5 lambda in UE and 4 lambda in BS

	RX antenna correlation
	According to spatial distance

	Channel estimation
	Practical (Averaging over all RS symbols in slot)

	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


� EMBED Equation.3  ���
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