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1 Introduction
Several UL transmit diversity techniques for PUCCH were discussed in [1]-[8]. According to the simulation results for PUCCH format 1/1a/1b, ORT (orthogonal resource transmission) (a.k.a., SCTD (space-code transmit diversity)) shows superior performance [1]-[4]. In the simulations for PUCCH format 2, ORT again achieves the best performance [2][4][5], although STBC (space-time block code) has been considered as another promising scheme [4][5]. In addition to the single-carrier property and backward compatibility, the number of orthogonal resources used in each transmit diversity technique was considered in some contributions, because that restricts the number of UEs multiplexed in the same RB. Based on the comparison of those contributions, we provide baselines on PUCCH TxD for the following cases: (1) dynamic ACK/NACK, (2) SR and persistent ACK/NACK, and (3) CQI. 
2 PUCCH TxD Techniques 

2.1 Dynamic ACK/NACK
In PUCCH format 1a/1b of Rel-8, each SC-FDMA symbol is multiplexed with cyclic shift (CS) and then the symbols in one slot are spread with orthogonal cover (OC). In LTE-A, STBC technique can be applied across two paired SC-FDMA symbols after SC-FDMA symbols are multiplexed with CS and OC as shown in Figure 1 [2]. However, this structure breaks orthogonality due to both CS and OC among UEs, because paired SC-FDMA symbols multiplexed with CS and OC are switched during the STBC encoding and decoding operation. Therefore, STBC is not preferable to support dynamic ACK/NACK. Symbol-based TSTD (time switched transmit diversity) or PVS (precoding vector switching) also may harm the orthogonality in the time domain, because orthogonal covers are spread over one slot, while slot-based TSTD or PVS do not destroy it [1]. 
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Figure 1.  STBC in PUCCH format 1a/1b

For the dynamic ACK/NACK of Rel-8, one orthogonal resource (i.e., cyclic shift and orthogonal cover) is implicitly mapped to the first CCE (control channel element) of PDCCH.  In [1]-[5], ORT, SCTD, and SORTD (space orthogonal-resource transmit diversity) were introduced. In ORT, the same control data are transmitted from different transmit antennas using different orthogonal resources. For the dynamic ACK/NACK TxD of LTE-A, one or more orthogonal resources could be sequentially mapped to CCEs of the PDCCH to provide orthogonal resources for the multiple transmit antennas. Figure 2 shows two antennas TxD with the same orthogonal resource mapping to one CCE. The ACK/NACK modulation symbol is multiplexed with the same CS and OC mapping to one CCE, and then the data are transmitted over two antennas using slot-based PVS or TSTD, which preserves single-carrier (SC) property and employ one orthogonal resource for DMRS and control data. 
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Figure 2.  2 Tx Antennas and 1 CCE PDCCH
ORT can obtain the full spatial diversity gain and satisfy the backward compatibility, because the same control data are transmitted from different transmit antennas using different orthogonal resources. Furthermore, ORT can be employed in all PUCCH formats and also maintains SC property. Figure 3 shows two antennas TxD using ORT. 
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Figure 3.  2 Tx Antennas and 2 CCE PDCCH
Figure 4 shows four antennas TxD with two orthogonal resources mapping to two CCEs. Since the number of antennas is greater than the number of CCEs, antennas 1 and 2 employ the same CS and OC, and antennas 3 and 4 utilize the same ones. However, the CS and OC used in antennas 1 and 2 are different from those used in antennas 3 and 4. Also, since antennas 1 and 2 (or antennas 3 and 4) use the same orthogonal resource, the two antennas can employ PVS or TSTD for the TxD technique. 
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Figure 4.  4 Tx Antennas and 2 CCE PDCCH
Figure 5 shows four antennas TxD with four different orthogonal resources mapping to four CCEs. Although all cases are not described in this contribution, if the number of antennas is less than the number of CCEs (e.g., 2 Ant. & 4 CCE,  2 Ant. & 8 CCE, and  4 Ant & 8CCE), different orthogonal resources as much as the number of antennas are assigned to one UE.
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Figure5.  4 Tx Antennas and 4 CCE PDCCH
Proposal 

· ORT is used if the number of CCEs is greater than or equal to the number of antennas. 
· Otherwise if the number of CCEs is less than the number of antennas
·  FFS how to support ORT in this situation.
·  Another alternative is to use PVS or TSTD to avoid resource collision or waste. 
2.2 SR and Persistent ACK/NACK 
For SR (scheduling request) and persistent ACK/NACK using PUCCH format 1/1a/1b, ORT is one of candidate schemes for transmit diversity, because it shows superior performance  compared to other schemes [1]-[4]. However, an important drawback of ORT is to need multiple orthogonal resources for multiple antennas. If we are concerned about the resource overhead, antenna selection diversity can be an alternative approach, because it uses only one orthogonal resource for both control symbols and DMRS. However, it should be further investigated whether antenna selection diversity can achieve sufficient diversity gain compared to ORT. 

Proposal 

· Select ORT or antenna selection considering trade-off between performance and resource efficiency. 
2.3 CQI
In STBC for PUCCH format 2, only one orthogonal resource is used for control data, while two orthogonal resources are employed for DMRS [1]. In this case, the number of UEs multiplexed in the same RB will be reduced due to the RS resource overhead. However, in some contributions [5][7], it was proposed that only one orthogonal resource is assigned for DMRS multiplexing with different orthogonal covers in two transmit antennas. However, that approach does not work well for high-speed UEs. In fact, a problem with STBC is that it needs an even number of SC-FDMA symbols. Therefore, in case of an odd number of SC-FDMA symbols, another diversity technique should be considered for orphan symbols. Furthermore, the performance of STBC is worse than that of ORT, because of inter-symbol interference with a realistic channel estimation in STBC [2][4]. That is, two paired SC-FDMA symbols are mixed together, however they cannot perfectly be separated with the real channel estimation [4]. Thus, by employing ORT, we can achieve better performance (about 0.5dB at one UE and about 1dB at six UEs [4]) than STBC with the same resource overhead. But, in order to reduce the resource overhead at the expense of slight performance degradation, we can consider adopting antenna selection diversity as for the case of SR and persistent ACK/NACK.  
Proposal 

· Select ORT or antenna selection considering trade-off between performance and resource efficiency.  

3 Conclusion
In this contribution, we compared benefits and drawbacks of several transmit diversity schemes for ACK/NACK, SR, persistent ACK/NACK, and CQI. Based on the comparison, we suggest that the proposals at the end of each section are taken as baselines for further progress. 
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