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1
Introduction

In [18] and in earlier contributions, various TxDiv schemes were discussed for Rel-10 PUCCH 1b with channel selection.  

In this contribution we discuss earlier results and make some general observations on achievable performance with various TxDiv schemes.   
2
Discussion

At RAN1#66bis, the following working assumption was agreed: 

· Transmit diversity scheme should be specified for PUCCH Format 1b with channel selection

·  For format 1b transmit diversity with channel selection 

· in FDD, at most 4 PUCCH resources are used for 2,3 and 4 A/N bits 

· FFS the number of PUCCH resources used in TDD 

· If possible, strive for a common solution between FDD and TDD
The baseline TxDiv scheme is SORTD, which achieves full diversity order; however, it requires the use of twice as many UL resources than without TxDiv.  However, for up to 3 A/N bits, the working assumption allows the acceptance of SORTD as the format 1b channel selection scheme.  

For 4 A/N bits, it would seem that for format 1b with channel selection, there could be a way to choose two of the four available resources and assign them to two Tx antenna ports thereby reducing the number of resources needed. With such a scheme; however, we should not expect full diversity order and we could expect even performance degradation compared to the non-TxDiv case.  This can be justified with the following simplified argument:  Assume that the criteria of the required diversity order is that if either of the two transmission ports’ signal fades out, the other antenna’s signal should be uniquely decodable. With four resources, we have 4x4=16 possible waveforms with QPSK modulation that can be transmitted on a transmission port. Since with 4 ACK bits the number of codewords is also 16, obviously it will not be possible to uniquely decode a single antenna signal because the other antenna for some other codeword must transmit also the same waveform and these two waveforms are undistinguishable. 
The above effect causes the TxDiv scheme to reduce the minimum distance; therefore reducing the link performance potentially below that of the no TxDiv scheme. 

Note that the above degradation could be resolved with using the dimensions available across the two slots of the PUCCH transmission; however, we already assume to have diversity provided by the frequency hopping across slots, therefore we cannot assume that the signal will be received (with sufficient power) in both slots from a given antenna.  Because of this, the reduction in diversity order still remains even when multiple slots are considered.  
Of course, with some more evolved scheme, full diversity order and large minimum distance might be achieved but it requires more complicated processing and redefinition of format 1b. One such option is to decouple the RS and data resources in order to increase the available dimensions [16]. The downside with such new signalling format definitions is that the PUCCH format 1b data and RS may not fall in the same RB unless special provisions are made. 
Precoding vector switching (PVS) avoids such complications and based on the results presented in [18], it provides adequate performance. 
4
Conclusions

We propose the following: 
· For 3 A/N bits, use SORTD

· For 4 A/N bits, consider using PVS 
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